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tflrale mat ter i o ttio veaimtm sadists i a t h e plaasia a t a t e J 
Spaoo irohlolQS tho t e r r e s t f i a l ataospter© 
Gusat^o a slieath of pXaaoa around i t due t o the X a r ^ r i c e i n the 
tes^ratur i® cn^atsd hf tha f r i c t i o n of the toelo^t body with the 
sarroisiding olr* l^x^akdoim of ooiaciiittieatiozie n i t h th@ roolaatf 
duo to th0 ereat ion t h i s pXasisa l a^e r has turned t h i s phenos®*. 
8 non i n t o a f i e l d of ^ s t i n t o r o e t i n ooBEaanieatic® ^ y s i c s . 
Tho r©oent i n t o r o s t i n th© jpolioaso of o n e r ^ fSrom eontro* 
Xled thomxmui^oar n^aetionQ has ^ c e s s i t a t e d eiroation of 
vor^ h i ^ ^imG i n IatK>7ator^ &t t o i i ^oz^ 
tn ros o£ tbo order of Kf the gases a ro oliaost f a l l ^ ioni^sd 
Q 
and ex la t i n the p l a s m s t a t e^ 
Ono of th@ widely used teehni^aes f o r 0xeat ing a laboratory 
plasiaa i s t o lisep a low pt&Bmto ipas i n a l i a l d 
of h i ^ in tanal ty» f h a e l ee t ronswl l l osoi l la t© i n the e l s o t r i e 
f l o l d t m q ^ t i n ^ energy t t im ths f i e l d and los ing i t t o laoloeulds 
or atozsa by e l a s t i c and in&las t lo e o l l i ^ o n s « ^ These c o l l i s i o n s 
l^ivd M r t h t o new electrons and the ciuaiilatiire e f f e c t i s the brealE-
down of the gas» the t r a n s i t i o n frost a s t a t e of low e h a r ^ densi ty 
t o one of very high charise denaLtyl^ The f r e e e lec t rons , which 
a re continuously produced a re a l so ocntinuoasly l o s t trm ths 
p l a s m by nomrous roocnml meh&xxLBm mcih ae recamliijEia* 
tloiif e loet ron a t t a e h c m t to t teut ra l ooXooalea, d l l t^aicai t o the 
vaXls of tho <»>titalnor An aetiiro plasoa idXl tlms im tn & 
e t a to of ^ l i ao io o^uil lbfi tmi with eont imous produotloa m& 
rdsioval of o leo t foas pos i t i ve noi^t ivo Ions . 
Tli:^  HAsm PAaAriEi:^^ 
ftko plasiaas eads t lng under na tu ra l and Xetl»oratory oon^lt lons 
a r e eharaotof lsed v&nmm paraastor© which M f f e r by many 
orSora of m£p!d.tudo l a d l f fo ron t eaae@« fh@ oloetxt>n 4a&sity of 
th@ pXasiaa^ irhloh l a tiio mmhBT of f r e e oXoctrcme por uni t toIub^, 
va r los from to oXootroas/ee f o r iatorstoXXar g ^ t o oXocfe-
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rona/eG i n thorctormoXear oai^rlffloata* fh& pXaamat alnoo on tho 
vhoXo iiaa aoro oharga daaslty» vlXX have e^tiaX niMl$er of poai t lve 
atid aagat ive ohargas. Thus Sf^  • « sj^ 
f h a degree of l o n l e a t l o a of the pXaaaa i s the r a t i o of the 
eXeetroii density to the neu t r a l partleXo density* I n the aoXar 
oortaia^ sinoe the gaa l a a laoos t fuXXy^  ionized^ i t l a i n f i i i l t y i 
irhiXe i n Xaborat<»ry pXa^aaa i t siay he of the order of 0*01 per 
cea t !^ 
0 
fim sand Im tmp&m%weQti of ^ plassaa e r e 
ot!)0r pamae td r s «if ineaceel* s t i t e t l ^ speaMngy t i e e<xi0@pt of 
e lee tyen lias oo ^ a n l i : ^ i n tmos^ of f l aeooSt 
a io not l a tbdmds^aisSA of^ixilXhtiMmm But t}:^ dXeetroii 
a laaGdtum of the elscttftm in a raAiof-
A ^ 
t ^ w o e ^ r Slsc^^eBp ^ t a m nm^ ? bo of the of 10 E. t h e 
poedltivft i o a tepepatiifos mm imia l i^ oloms t o 0 j6 
ttirese sXthmi^ fern m posoible in 
GortolQ eQ3oa» 
of (liffoxQiz& M.M a m t m X ^ tlie pimmm 
Tlio f o r ^ f f o ^ a i oo lUs ioos diopeM m voloisltsr 
o f OGBosfm^ po r t i o i o s i n mx^ Mft&teE^ im^o* I n actiird 
plBsmB^ ^o eolMBimB em bo ^t^or {fflozioziti{M*»t]fQii8for 
0^ll8lcKi8}t o r in^Jaefiio (oolUsiQas loading t o ioa iea t io i i t 
roeot^inatioii oto*)« tim fte^mwy of t h ^ c o l l i * 
a i o m i s depondoi]^ n^pofi tixe o loe t foa vmloeit^t ^ ^ preamr® 
and t ) » o l i a r ^ d i^ortiolo doo^tsr* I n iztan? ^ n s o plasoaot c o l l i * 
ttioas liQtiio^a olootrcms m d ions ond h d t m m ^ o o t r o n s and 
oloetroQS a r e a l s o possi!>lo« I n cioot laboratox^ pljBamm$ 
the eloetroii-4isi andolootron^-olootron ool l io loQs oan be 
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In IT jjUmmkf the ttltotron* wid ^ ^ i t i v o i ons osoUlAte 
ifilli a o i i m e t t r l i U o flroqutiieyt t»y •lAOlrcui and 
ion d«iifiitiQ0 i^nft %h»tr vtttp^etive aiift8«6« timm osolijLAtloiui 
ar« ftltotroifiitAtio i n nature anA a t e ea i lod ^ l ae t roa and i o n p l i ^ 
m f te t plaama fre^tittooir i s m tw^wnmt 
paf3iiet<ir «!!•» pt&p^Um tst i^totrmia^tio w«ir«tt t!irou£|i 
the p l m m i e eoasldor^di end i s ^ m n foUowlfis r t l a t i o a i 
"if-TT e""' 
Y^ e^ €'0 J 
i a tlie e laotron danaits^t tiis a lao t ron ia ^ o r ^ s i n aau a 
end m f^ tiia laaas of the ^ i m t t m i n grasts* €0 i e tiia <|^aieotfio 
pof ia i t t iv i ty of tm® apcKia* f tm pfopasrtiae of 
t h t plmm d i f f e r oarisodljr d ^ a n d l u g uptm wlistltdr propagating 
nava !iaa a fTa^tioiioy aibov® o r baXoir tha iplasaa f o r 
fr«<i.u«iieiaa abore t ^ p X a ^ fra^uanoyi tita pl««aa htSimm liica 
a d i a l a o t r i o i vtho loasiiuiaa of idiiob i « dataiminod by tbB o o l l i « 
aion f r ^ a n o y * At f ra tuanoiaa imlm tiia plaoia fr«%u«nojr» tn* 
p laaaa aote aa a eonditoting latdiitsi and ttm woros a r e e i t b a r 
raflipotod baoic or attamiatad* A% f ra^uansiae naar tha piaaaa 
fraaueaoy* tha vavoa ar» o i t i n r outHBiff or a u f f a t i a r ^ i a t t anoa* 
tion» I n tha praaenet of e o a ^ i a t i o f i a i d * tha a l a o t r o n a ^ t i e 
ptis§Ar%tm of th® p l a s m iu»> i r a s t i m l l y llm plsnsm 
9* mn-^mm, m m m 
An ip^s r t an t of tSm i n lino isgp^BStmrn 
of f ioa^ l i ada f i t io s In prdsonoe ^ ntwmm 
f id iae*^^ fliiQ i s i ae t o tfeM sioimose of irsmffifos* of 
ao^ttirod t>r tike iaLeoti*(mii trm ft»M Iho isolBotiltts 
t>F ooilisioaB* 7h«f!n moii^Uzusairl^lcs eaa !» dies^^urdsd wlioa th© 
fioXS intesisH^ i s MXaw a edUooX f i e M » ec^Jed p i a m t 
3kTe (8) 
l o s s of i n saoh ooXlisicm^ U tim ipmstsiit m d 
^ tlis ani^lftt ' frs^Qsaoy of %h9 B m ^ m r t 
s ines t b s lOaslio thsory i s iitfisrsotXy iioii^liiyiiirf^^ t h i s 
s^proseti to tbo stud^r of « l .eot roBfi .^ t io tmrs i^xt^pftjfatioa wkH 
wmy nmMmaHti^B^ 
s 
t he aos t v L ^ t y smn^litiear o f f s e t i s t to 
mo<btlaUoii o r InterKOtloo wavee ^fOfia^i^tiag i n m plasiaat 
me Of thm mrmg t o mXtor tha p r ^ r t i o ® of t h e pi&m&m 
A mo^OAtd^ of flaffioietit powor isi a 
a f f t o t o o t i m i l l imol) a isras' t t o t i t h^&mm^ mni* 
l i i i ia i f t ^rodueing ^ s K ^ l a & i o n or l a mm timm 
of tliQ tsa^^t « f f eo t oaJll&a A 
wcwm ttor©tt# tfe® ^iiassia cea ^v© lH®^ t o liarsaoatoe?' 
siixltig of two wa^oa i a aaoiitsr aoiwlHiiiear 
ia«!io8 s l i i i^ l i ^ f i s i a i l ^ tbo ^iessthair^ I t d ^ l f 
i s mny^Xtmer p^nttmrnmp tlie vo loo i t r d i s t r i b u t i o n 
funotiouB a r t a l t« r#d whsn ^ ^oiikia ^om ^oi^or 
ttm i^tioaa of m s t ronn HoXA* ^ ^ 
A8 i n otbor hrmtttma of piaoaia pto^rsio^t t l i eofo t iea l »tudi«a 
prodoBdimto ovor ejqierliBeiitaX in^roetig^ticscie i n t h i s f i e l d too . 
Tho propagation o f f e e t e t o lio distnisottd ttoro oan bo broadly 
olAtoif iod i n t o tvo ^mmtm&t ono dftaliiog v i t b tho imituol i n t o r ^ 
aotic«i of two o r more vaveo anS tho o thsr do&lin0 ni t l i t uo a&ltm 
in to rao t ion of om atrong vm& tho p:iiusBa« th& r e i ^ i t a of 
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iOQOsplidile «ro&s«€io^I&tloii s tud ios bQ dLseas&ed I n a 
separate sec t ion . 
So^ha ana B^IuisIh^^ baim s tudied tha mttaal i n to rae t iou of 
a of ©Xeetrooagpootlc iiavos pvop^cs&tlnQ i n a plastaa, by 
^r iv iMQ an ©xpt^ssloafor tfeo I s o t r o p i c p a r t of tho oXoctmn 
w&lQcl^y d is lTibt t t ios toctiOQ, i n tfe© pmacnco of a iomibQr of 
©leetitkaagnatlc wmee of ^tt&imnt f reqnonelos. tho f i r s t order 
tlioory p red i c t s t l iat tiie o f f b c t of ono tfatm on tho propa^t i<m of 
a n o t l ^ bo p r ^ o r t i o & a l t o the i n t e n s i t y of tho oXoetric 
f io lS* istvos of Xwor fro^uoneios aro found to bo saoro offoct l i ro 
i n proi^oing mtmX i n t o r a e t i o n . fbo non^Hmor i n t o r a e t i m of a 
mtobor of %m\ro6 i n a i s a ^ t o p J l a a m a i m bomi s tndiodf^ Tbs 
iravos ascinaod t o p r o p a ^ t o i n tho d i r ae t ion of l a a ^ t i o 
f i e ld* ri!0 r&somsLGO o f f o c t s when tfee fpeqnoncy of aio of tlie 
vavos i s oqttc^ t o tbo gsrrmaagnstie tmotsfxatio^ of tho oXeetxons aro 
discussed i n t h i s study* 
The travo propagation in p lasoas loading to seXf- in toraot ion 
e f f e e t s has boon oonsidorod by numrous authors* Tho oarXiest 
gg 
stody SO^QS to bo tho ono oado by l lar^nau* Bpstoin has anaXysod 
tho pxobXoa of tho i i i t e rao t ion of a h i ^ f^^tssnoy e X o c t r o s i a ^ t i e 
1 0 
27 f i e l d td-th an i n i l n l t e pXasim ooditimt Bascliidiag tiho QttoctB of 
eXoe^mt^ioHy ©leetroa-e leci ron and i n a l a s t i e eloctron^^iaaleeulQ 
QoIliBiOQsSt anA mmsHxi^ tha t t M &Xm%Ton romiau const* 
the ifarLaiJiocs i s tho eXas^fOii is^^Xocitjr d i e t r i imt lon m m 
King has I n v o ^ ^ t e d perturbatiorm induced t n 
boUQdarios d s f l n i n ^ a plmmB.^ i n t ^ s o o X o e ^ r i m ^ t l e fl©ld0« 
fo r tho ooso of e l s o t r o n dsnoitjr ^imdl^nta 8lmilo&r eos^iarod t o tlia 
28 
iratrelongtli.. I t wm found t h a t ttio i n i t i a l e l ec t ron d s n ^ t y 
p r o f i l e ^owld appear t o novo t<mard© the mweeo of t t e floXd* duo 
t o nddi t iooal lonlsatiOD eroatod pa r t of tho dopositod onorojr* 
Sodha and Velvmho haw studiod tho o h a n ^ i n c^dalot ion of en 
aiaplltudo Q«^ la tod o l o o t r c s a a ^ t l e wmo p r o p a ^ t l n ^ throa^^ a 
plasiaa* l^s to ln^^ has stndlod tho In terac t icm betisfoon a piano 
olootrtuaaaiBotic vovo and a p a r t l a l l j r Ionized ^ behind a hioh 
tccq^eraturo sl»>^«front* Haawoll^s equrtl<mB s ro eolvsd elisaXta-* 
nooualy «iith tho f l t i l d dynaole and c&omioal Ic imt io equa t ions . 
3t—32 
Va^er ' has analysed tho mxi'^lXmoir v&m p r o p a ^ t i o n i n 
a hmo^ttm&$ 8l(»ily varying loodiixnu Bloetron densi ty and 
e lec t ron toc|>oraturo wore aacnaaod t o m r y with tioo* Tho eon t l* 
noi ty equation ond tho onorgy ba lam^ o<|uation f o r tho oloctron t^bich dotorcdne tho oloctron donalty and tooparattiiro aro 
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eolxfo^ u a ^ r tito ooQuo^im t h a t tlio a l o e t i l o f i o i a rcsmino ooao* 
©hxoaattc* A m r o rledfouo e o a o i f e r l a s ^iio VGnoiio iosissa-
t l o n <384 roeoeablnatioa procoacoo m m t l o Q laDl<2o fito plomaa hoMM 
tk> sboels-f^ont mMoT tlio ca t ion of a M . ^ po^or oMBttzTms&f^tiG 
UCS70 too Dim a p p t ^ m j ^ * " ^ tMl© soed of tfeo ocurUor i ^ r t o 
oot lca to^ ^ cmlmiso4 <2o0rco of i o i ^ s a t i o a W ths 
Jottlo lioatinc tlio p loota bj? tijo M 0 i ef £ioM cmS W 
thG Salm OQuatlmt t h i o isrc^ c^ Sotesxltio© tbo iiicr0ai3o i n t t o 
o loe t roo ^JoQci^y bjr asnoidarlii^ ttio f o r oiQcfefos 
pT^^ttem doploti im %t}0 teetiemia 
^ n c o o? %hQ oXoetrosi mi^ tor^lior^ttifo m ttm fSloXS 
etTOUCS l^it tk ) vofXoetioa oM. t ^ t tma^c^oa eoofliedLonts of tho 
plBcoa oro 
^ ^ doisodiaMtlcai of a s t rono aia^SjUtisSo 
proijacpftii]^ fcliroii^i a plassa tms horn mml^m^ tsg Bso ensd Avamm 
I t mm tmisA th&t ttio ^ c s i ^ l a t ijosi ^oxoosos u i t h on isuamaoo 
tho inoiSont ooiQlaUmu flio effoeft of a a t o o ^ taac^tXe 
f l o M Qod ttiD mmmmu ^Qodsaatiosi a t tlio oloetroii c s t ^ i m q ^ m v 
a l so hOQSk 3o4lia csid msxtixm:^^ ismo aiiscsiocod 
fe&a ^asro pro^acptioa tlaros;^ a p l a a i a trltli t i o s - ^ p e a t o t a lootroi i 
Sooeit^* ^ Q o ^ l a t i o a of a s t rono ^ ^ ^ ^ croos-oodow-
l a t i o a of cmotlior wod: ^ v o m r o fo^aa i a to ros o f tho plojsoa 
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It was foimA tim% tho cr^aB'^m&alMtim i s (SUmotlj^ 
^^rop&nimaX t o tbQ oloetron iocislty while dserDasiog i d t h ttie 
l o ^ a s e l a the eolUoi tm frnmom^* t L l s a f f e c t has t»ooa s tua ied 
i n th@ t&so of a ma^p&tisplasm a l a o , 
SmnmRY OF KICBOl/AyE IflYBRACflOn STPSIES IH PLAStmS 
Al th tm^ tliG mva p r o p a ^ t i o n i n p lacma «att ^ v o t i m to 
a bost of I3oii»l,iii0ar @ffeotc« onX^ thoso leMli ig to tbo 
t i o n of QEiplltiido* or fmqa&m^ ^ i l l l>o ^sims&ed lisro, Tfao 
t&rmmt ssimQ thm i s tho stciromvo a&alosao of the looospbsi lc 
Zntoraet lon batwaou salexwairos p r o p a ^ t o d t b r o u ^ a ^ 
xo 
dlschar ip p l a s m %mxi f i r s t reportod 1>y Ool^steia ot fliey 
passed a ^pamr a i i p a l of froqi^ne^ 8*6 6es bs& 
anotlaor I M PMOR probing SI^ML o f TRNQMOOS 9*4 Gcq 
ottsXy t h r o u ^ Boliiamt Boon, Ktyptm^ kr^an axid ns&ro{pn aftor«> 
gZovs i n ptQBsarQ rm^ 0*2 t o 20 m Hg. Tfio d i s t a r b i a g 
s d l ^ l s iMd diuratKm of 1 t o 2 p see and wore of a power levoX 
insuff iolQii t t o e sd l to or i ^ n t a i n a p lasm* Xn ttio Eo plasma 
the wantod wave abowod m. laoroaso of a t temia t ion duo t o tho 
a e t i m of tlio d i s tu rb ing i n Ar£^n« aXtbou^ a t 22*5 m 
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of lUsturtoing pomr iha ifantod mm shmo& in&tenmik attormatioBif 
tliQ a^toamtiion was foimd t o dooriaase ^imn t t ^ ^ s t t i r b i n g powor 
was ra ieod t o 490 i3br« I n tho pY^oeacQ of a m i t o t i c the 
a t tonua l ioa i n a l l tlio oaeos cos s ldambl s increase« fhB^ 
a l s o obsoxv0d c b o n ^ s I n tlio luoinouo i n t o n a l t ^ of p lasoa 
AO 
diairtn^ t iaj as»plicaU<M of tlis d ie ta rb i i ig p O e e , 
Ootai loa o»pQficsmtal i i w s e t i ^ i U o i i of tbo otcross^fo i n l e r * 
ac t i on i n isotlioTQiaX pXemms wm roportoS i n 7lio t i iae* 
constant aosoela to^ i f l th tlio ^aca^r of t ! » oXaoti^m t o c ^ r a t u r o urns 
rnsamm^ from tli^ eitrvo of t l ^ m i e m ^ ; ^ a t t anna t ion* I t 
vBB found t l iat tho oIeotron»i<»i ool i i s ions! a re i s ^ o r t a a t i n 
daea^ of tho o l o c t f o n tonpamtiafo avon i n p lasoas of XM H&GFQB of 
ioniBatioii* B o n ^ aa4 Goldatoin^ found s^ tb tho he lp of isHoro-
mvQ i n t o r a c t i o n tooimi^uos t ha t ootiXos^ e o i U a i o n a batvooti oXoo«» 
trcxie and pos i t i vo lona o i n t f l b u t o a i g n i f i c a n t l y t o ttio o l ao t ron 
eolXiaion phonozs^na even a t dagrooa of ionizat icai of tho o rde r of 
0«00t per eont« t h ^ s found t lmt tho ro laxa t ion timoa f o r 
eXoetron»ion c o U i s i o n a vtxesf xmora ly i on ooncantration»-
Barainsrao a t a l^^ reported imva intoraot i<m a tud ias i n 
So and Xe pXaaoaa isaseraod i n oa^iiatlo f i e l d s * Xt iras found t i ia t 
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the r a t e of tim p l a s m locroas^d i n ths prasencse of 
tho distuTfoing si^p&lt was a t ejroXotroa rosouaiieo f i^qpesoy. 
Apart f ron oahancsea col l is ioncj l <21 ffusion, t b i e was at t r i taated t o 
SOBK) i i is tabi- : l l t l©s i^Meli can devQlope when oonssLderablo ee loc t ive 
heating of tbe e lec t ron (p^ ocouro* I t v&q fmn& t ha t a t D e t r o i t 
doBSitioo of th© ofd®r of tO^^ eXootT«ms/eo the He p l a s m i s 
iioii^l0tely doiaiEioted by oouloQb Intaraot ion* 
E s ^ n m a t s porformod i n oa^!iotopla8ms of atmosphoxlo 
M 
0 m m doBflastimtod tha t inola&tie oollistoiiB of low eaorgy 
o l o o t i ^ s t i l th notttrea par t ie loQ oonet i tu te aa efficdLont h a r r i o r to 
t l ^ r o ^ d li0atistg of tho elaotlroii gas* th& ohaowod inoiroaao i t i 
tho oleotjfoa deiBiSlty nae at tHli i i tod t o oo l l l ^o i a s of v i h r a t l o m l l y 
exeitod Qo^«eul08 i f i th oidLstintg m g a t i ^ o ic»iD« Cirolotipon roso«> 
imneo oahaacos th© oleetxon oa&rgy s t t f f le lcmt ly to lueroaso the 
provaili&ig^ tvo«4}odjr a t t a o t o m t r a t o of olectfm43 t o mts t ra l Oxy^a 
ooleealee . At h i ^ e r laiorovavQ power» tho h l ^ r o n o r ^ of tho 
olootrons pxtsTidos a indohaiiiaQ f ^ r tho ddtaohi^nt of o l ac t roas 
f r o a tho nogativo iona« I t wm a l so found t h a t tho mxlmm i n t e r s 
ac t ion mm eonflaod t o a s m l l region* 
The rsffl i l ts dasoribed tint 11 now aro eoofiiied t o tlie anipll-
tttdo taodulatloa of tho propagating s igna l s through tho stDehaaism 
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of incFoasad co l l i s i on f r a q ^ n o ^ brou^i^t about by tho ac t ion of 
anotbor vmo passing t h r o u # tbo plasim, tfodialaticm o f f o e t s a io 
obsenrod in tbo p r o p a ^ t i o n of laiorotfavos t b r o u ^ plasims vbieb 
haTQ periodical v a r i a t l o a of tho eloctrtcm density also^ Thos© 
va r i a t i ons can bo e i t h e r ^ontanootis o r cos bo thoso exel tod th rou -
gh o^or j sa l a^^ndos* 
Eiao end Alloa^^ raportod In t96t oxporlKonts on tbo ©ffocts 
oC fittctaatlflsi© on tho p r t ^ ^ t l o n of oloctrosB^potlo waves 
t b r o u ^ a f l uc tua t ions m r o cmtsod ojr ^ axtdlo 08gI» 
I l a t o r {to t o 30 i^hicb uas cozmocted i n s e r i e s t i l th ths dc 
potior supply drlvlnc; tbo dlsclmr^a.. By puttSjig tho dischar^a tube 
Insldo a cavity rosonatJJC^ i n t t o t l ^ i o isjodo, i t wac found that 
t l ^ rosonant frequency of tho cavi ty fXuctuatod bocauso of the 
oXootron donslty fluctuatlosiotafid ttm f luc tua t ions of tho ai i^l i* 
tudo of tbo propagating wavo cotild bs r e l a t ed d l r o c t l y to the 
donslty f luc tua t ions . This ao^litudo was also found t o vary 
l i nea r ly irlth the laodttlatlng voltage* 
A plosim which has e lec t ron densi ty f l uc tua t l «a s ooy cause 
phase and €»i|>lltud0 modulation of tho proi^^at ing wove* fhe 
froquency spectrum of the s l ^ a l propagating t h r o u ^ such a 
plasiaa irould reveal s ide bands a t frequenolos displaced a t tho RF 
16 
exe l t a t ioa frequency and i t s faaraoniosf® I f t l » froquency of tli© 
f lue tuaUim l e e m l l , the wmo m a t^ol© %riLlX bo a f foe tod , Bew-
0v©r thG*9 I s ao sq^psr U n i t to tbo modulating fro<poncy a s i n the 
caso of toc^eraturo f luc tua t ions* 
I n imrQ |>Xaesias» a coXlieiQn-X®8o lADces^ourg e f f e c t siay 
occur ifhsn a mvo s u f f o r i n g Landau d a c ^ n g paseog through a f3.uc<» 
47 
tua t ing p la sm;* ?li© cliaasQO i n the plaaaa froquoney i n f l u o m e 
thB a t t enua t ion osq^on^ntiallyt loading t o l a r i p eapl i tudo modula* 
t i tm f o r siDall don0ity v a r i a t i o n s , fho col l icdon^loss desaping too 
in t roduces s ide liaads» a l t h o u ^ tbo mpoctrm m,^ not bs s p s a e t r i * 
eal« In tho at>6onco of ans^  ro lasa t ion procossos, thoro i s ao 
appor l i o i t to tfeo laodulating fro^jii^ncy* 
7ti3 of oloctrojuognotic vmos by donsity f l uc tua* 
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t i o n s hBB boon oxtonsivoly s tudied ^ Hosonblutb and Hostolcart 
and tbo froquoncy spectrum of tlm scat to rod r ad i a t i ons bas boon 
abovn to r e f l e c t tlio frequency spoctrun of e l ec t ron densi ty f l u c -
t u a t i o n s . This s o r t s c a t t e r i n g i s e s s e n t i a l l y a son^l inear 
pbenonionon iznrolving tbo i n t e r a c t i o n of t ransverse e l ec t roioa^istie 
waves and longi tudinal plaeim vairesf^ 
Even a p l a s m vi tbout any extemsilLy induced f l u c t u a t i o n s 
can produce xaodulation of tbo p r o p a ^ t i n g waves* lannt^ssi^^ 
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roportod i3icro«a:\r@ s c a t t e r i n g from ion vmoB* l a 
t M s osperiosii t t a thomolXy lonie^d Cesium p l a s m mB umd t o 
propagate 8 .7 Gc© cdcrowatres* l o a wavoa mr& ^smmlted by applyia i 
a ToXta^? m &XectrodQ ki^pt inaido ths pl imm boA tbs 
vsd l s of the oontoiacr . RefXeeiod cdcroiraTO sL^a lQ Qboired two 
s i ^ l3imds of froqttomy o^vtcl to the ion pXiiem frnqumc^^* 
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SBTh&r m 4 SsmaX have mst^ e both oxpertmataX and tiiooro'-
t i e a l s tud ie s on tho saodulatlon e f f o o t a i n tbB propa0xt im of 
Edicromveo t h r o a ^ a pXaem idt l i tima-dopandoitt ©Xoetron donait^ 
axsfl eoUia ion frcqjuonc^. Sinoo t h i s phsnomnon has m<ib @lgisi£i« 
caaoo to tho present t h i s vorlt bo Siseusaod i n cioro 
d o t o i l l a to r* 
s* A BSTSI' REyig» OF lOnoSgHERIC CBOSS^'tWUnOS 
f h o poscdMXity of In to rao t ion botuoon radio vmrea mm 
f i r s t s a g ^ s t o d by TollogDn"' m a possihXo enaso of tho observed 
laoduXatiaa of tho transiolssion f r m Ber«»aitn&tor (SwitsorXand) 
rad io s t a t i o n by tim Eadio IxacosJbmrgm tlm o f f s e t has s ines than 
boon Icnown undor a va r i e ty of naitiso« nsmoX T^t liUscBbouEg o f f s e t » 
Xonospbsrie Cross<-tlodiiXation ond Eadio ^ v o Xntoraetion* Tho 
t l u m r o t i e ^ oxpXaaation f o r tbo phonomEum wm f i r s t proposed by 
Bedl&y and Kaytyni th&oFy vm moro prodeoXy dovoXRgsd l a 
IS 
l a t e r by Bailay^^ a l so took in to acoomt the o f f o o t s 
of the ^ e l d * Tlio baeie ISea t i e t t^oz^ i s a s 
followsi tlio ra^iowavo ti^ensing tim tom&^TQ 
SOB tim eldotron towpate-twe^ m£i the oleotroiMSOloeuXo 
{ ^ l l i a l o n a l t o r s tha absorption ooof f l e ioa t of 
any otiier ^mQ paosix}^ throia^^ tho sacQ regLon of tho tmomg^ro^ 
I f tha d ia turbing wasro i a anplitiid® iao&ilat©4, tbo ©Xoctaroii ^Xooi-
t y cmd tho foXatod ^^ariationa «rill folloi? tho oodulat ioa of t h i s 
mvo* Xhia (muaea the •oauXatioxi of t l ^ otrong ^ m o t o bo 
io^fQQisGfi upon tho oth^ mim* 
t h e origliuaX theory wm imt i a t o a fona f t o i J i a r to tho 
ioaospfc^rlo pl^stciot© by B a t e U f f o SMia^ H a ^ y proposed aa 
aXtoraato thoory^^ which iiaa l a t o r ro^octod 4m t o i t s inooiisis* 
toaoioa id.th tho Q{^pi3to»ioiiio thGory?*^ Oinabars and eanrvidl®"^^ 
havo aado an 03chmistivo i s m s t i ^ ^ t i m of t t e var ioas noiv l inaar 
offootB oeonriag irtien ponorfal rc&Xtmtwm pass throuoh tt© 
ioBoapiiorlG plasma. Othor roooat thoorotioaX atudioa iiioXudo 
tboao aadte hy CaldiroXa and do Bajfbioil®® and by Laycor aad 
I'lonsolf^ t he foroor theory iaoXudea the o f f o c t a of i n o l a s t i e 
o o l l i s i c n s i n tho resaXta&t cz«aa»iBoduXatioa« EXootron donaity 
vas i a t i oac dtzo t o tho pa r t a rba t ioas of tho attaohioo&t ooof f io ioa t 
aad i t s ooatributiOQ t o the oj»>as-Q^Xatf:on haa boon imroat igated 
by tood" 
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imjor pfiadiotioit0 of tbo d l f f a r e a t ma l^ soe a ro tho 
fo lXovin^ tho transfoxTQd i s o ^ l a t i o a indoit a t tb© f^z^aoo&tal 
dttd thQ harmonics of the txidQiaUng tm^mmy will dooreaso with 
tho iocroaso i n th^; oodalatla^; froquone^r* t h e 
hmm boos shown to he pxt^ortlonsil to tho povor of tho dis turbl i ig 
tjcLvo* The phoe^ ^f for<meo hotvoon tli^i ooiSuXation oenroXi^o of the 
^^^tvablMQ and waatod waves inoix^osos a s tho fipoquoaci^ ineroaeeo^ 
wMXo docfoasino «dth oa incroaso of tho oolXlsloQ txem&m^^m Stte 
laodaXatl^ InSox &t tha f tmda i^ t aX fro^aofiyey i s pn^Kirtlooal t o 
tho aoSalatloii iiuSos of tho d io tnrh ing %tmQ i ^ i o t l ^ socosd 
haziQoiiie Indss i s propor t ional t o tho s^uaro of tho 
e a r r i o r ooduXation i&dox* Rosommt inoroaso t n tho cro8©*Qo&iXa» 
t i im has aXso hooii sog@9Stod h? tho irarious thoorios« 
thooroticaX prodicti(»i^ havo boon oxporiasntaXXy 
vor i i l od by a msabar of ianrostigations* ^ Exeopt f o r tho oatact 
dbpondeneo of tho i3o4iXatioii indos: on tho su^Xa t ion fro^ttoixesr* 
alX the prodioticms ha^o boon found oor root . Tho o loet ron doissity 
viurlatioas and tho i r o f f s e t on tho orose"fflodi2Xati<«i has horn 
s tudied b , R u l ^ ' a m I t o . ^pe r t can t s of ft.Jer'® 
havo tumod ths cross«QodtaXatloa o f f o c t i n t o a poverluX tooX fo r 
tho diagi;QOBtios of tho ionosphoric pXaszaa. Tim aoXf-ii i toraotion 
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of a powerful wave has oXm boon eac^eiisivol? s^uAXed^^'^ i n t h e 
ionosphefe* 
f HE i^jmum Mom 
A atudsf of the p r o p a ^ t i o n of e l a o t f o a a ^ o t i c i ^ e s t h t o u ^ 
a p i s s m tirhlc^ lias po t lo^ea i l s r vcir^l&c p m u m t o r s dii@ to thd aon* 
l iBsa r i n to r aeUon of aaother pmrortal vavo of oonsidorablo 
m t o r o e t i n tbe oloetfOQagn^tio Mliatriotxr of plasmas^ 
Tb& mmmt of thooro t iea l vGtk d s a i i i ^ li^ith the protAois a i ^ 
dasoxlbod ^ h o ^ e m ho t a k m m to I x ^ c a t e tho onotooiis i n t o r o s t 
a t t a i n s t o tho pirohXoia* iioiroiBt^ ry a atirw^ of tho l i to ra t ia ro 
i w o a l a a ^ a r t h of oaporiiiozit^ wotkf without ithieh tho prohoXa 
oamot ho eonsldeirod to ba solvod compIotoXjr* 
I t vas f o l t t ha t on o ipo r l to^ ta l atudir of t i e pTop&^t tm 
of elootroaagootlo umom t h r o n g a pexlodloolllT var^^ag plaaiaa 
bdA tho ooG^ailsozi of tho o a ^ f l c s a t a X r o s u l t s i^ith tho prodle* 
t l o n s of a th9oro t loa l studar would f i l l I n tho I f the etud^ 
rovoaled m ^ now ia fa rmat imy i t would c e r t a i n l y ho a oont r ihut ion 
t o our prosont knowlod^ of tho iioik«sli»oar ia toraot iosi of e loo t ro^ 
oagiistic vmoB with a pla8iisa« 
The proseat woric d i f f o r o fro&i tho ioaosphexie s tud ios and 
tho sdorowavo ia toxaot ioa osiporioo&to in a nuohor of m^Sf, tho 
21 
nature ot tlie iioi»»Xiii0&ritioe and tho of ttm^r&TSfing 
pammt&rs ^iier from those e t u ^ o e to a ooasia&XBblo 
Since tho f i e l d i n t a n s l t i o s i s v o l w d oro larger» tbo m r l a U t m of 
the @Xootroii denslt^r ahouXd bo eoasldorsd to ba ^r i i sa i l ly d m to 
the QodialatlOR of tho ionissatlon pfUCdss m t h o r than duo to the 
p o x t u r M i o n s of tho att&eimmt and other l o s s osohanlfflQs* The 
labomtoz7 study has a d o f i n l t o advontaiss over tho ionospboilo 
i n i ^ s t i g a t i 011)8 i n that^ i t i& poseiblo t o contirol tho iraxlous 
paracatorc of i a t o r e a t , 
fkm @@sontial aspects of th3 prohico aro folXot^st A 
radiofroQiionoy H o l d with por iodioal ly varying aiq^Utude goneratoe 
a plaeoa, which has pe r iod ica l ly varying eloctr tm t o c ^ r a t u r o * 
Those tooporature irariationa i n tu rn nodulate tho eXastio and 
i n e l a s t i c eo l l i a lona r e s u l t i n g i n tho ^ r i o d i c va r i a t i ons of tt]» 
e loet ron c o l l i s i o n froquoney and tho oloctron doneity. The 
asiplitude of another v&m pass ing throui^ tho p lassa s u f f o r s 
per iodic a t tenua t ion due to tho tizno^varying n&turo of thoso 
paraootors* The ooasuroment of tho niodulation su f fe red by tho 
s ignal con help us t o understand tho naturo end o:8:tont of those 
non*l inear i t ioo giving xiso t o tho per iodic phonoxaona* put i n 
another way, tho second s ignal can bo considared t o bo an e l e c t * 
rooagnetic probo to study tho non«-linear processes p reva i l ing 
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i n s l ^ the plasma, i s i n t e r a c t i n g tilth a &%rmg r aa io* 
froquoacy f io ld* 
The f i r s t aspoet of ths problem i s t o e s t ab l i sh a t l ieoro-
t l c a l iBodoI f o r the p r o p a ^ t l o n of electromagnetlo vmoB t b r o t i ^ 
a las^aia trlth t iod^mryi i ig paracietersi. This has lieen dons I n tiio 
The f i r s t i s e s s e n t i a l l y a phenoQenologLcal t l ieory, vhicli 
derives the propa^t loo , eolastants of wa oXeetTomsimtXe ware pcms-
Ing tliroiig^ a oediiiBT] y^om d l o l e c t r i c p e n j d t t i v i t ? and ooo^lez: 
ccaiductlvit^ have asolX tles«^opcndeiit terms superimposed over 
t h e i r respect ive constant values. The secozid t tesoret lcal f o m o l a * 
tioii d e a l s i d t h the propagation of islerowove s igna l s t h r o u ^ a 
plasma generated by an aaplltwde modulated radlofreqiaency f i e l d , 
the plasma i s assiarod t o have constant a^d time^'varying components 
of the electr<3xi densi ty and c o l l i s i o n freqLUtrncy* A r e l a t i o n f o r 
the laedulation indes^ of the propagated s ignals^ i n terias of the 
var ious parametera, i s a r r ived a t i n a form anemOile t o experl<-> 
lasntal v e r i f i c a t i o n . 
fhe secmd aspect of the problem I s t o determiJio the 
dependence of the e lec t ron densi ty end coHlf l ion frequency on the 
e l ec t ron temperature and t o a r r i v e a t empirical c o e f f l o i e n t e 
r e l a t i n g them, fhose e s ^ l r i c a l c o e f f i c i e n t s u l l l be useftal I n the 
ealculatl<»i of the oodalation index of the microwave s i ^ i a l s . 
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using the t h e o i ^ t i e a l fomnia* S«oh empirical ^dtorcdnaUons a re 
aee&esitatod b^ the f a c t that the v a r i i ^ r a t e - coe f f i o l e i i t e 
m l u g the eXastie and i m l a s t i e coUleKm processes aro as ^ot so t 
tabom t o miy accuracy fo r the pXassias we are deal ing id.tht and thus 
the theore t ica l calaxXation of these parao^ters i s alisost 
i o ^ s s i b l e , 
t h e f i n a l aspeel i s the ac tua l exporimeatal studjr of the 
propagatloa of oicrowares t h r o u ^ a t ioe -va ry ia^ plasioa crea ted by 
a i^ l i tude ciddaXated radiofrequeacy Tho e ^ r i e ^ t e to 
verify the p rod lc t ioas of the t heo re t i ca l Btu4y mre perforiaed* 
The r e s u l t s of these s tud ies are discussed i n the l i # i t of the 
th@ory« 
7he second c h ^ t e r presents theory of the pru^pa^t io i 
of electroioagnetic vaves throu#i a pe r iod ica l ly verylng laedltm* 
Various instruQients used i n the experiaiantaX inves t iga t ions a re 
described i n the t h i r d chapter* The eaq^erioental te^ml<3iues« the 
p r inc ip le of some of the Qeasuremonts sad tho r e s u l t s of the 
d i f f e r en t ejtperitaente a re presented i n the four th chaptoT* The 
f i f t h i ^ a p t e r discusses the experiisental r e s u l t s on tho bas i s of 
tho theore t ica l study § and the dlsagreoQents between the two are 
pointed out* Possible modif icat ions of t he theory t o oake i t 
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ocmal stent with the e ^ ^ r i i a e a t a l observatlooa a rc eugg^stod* Soias 
prc^IczBs i ^ u i r i a i ^ turbhBr ejiperiiSBiital i i ivQsti |^t l«Qs a re 
moot loiOtdA* 
Gixmbnrg and Gurevicb'^ coneltiae t b ^ l r c l a s s i c yorl£ u s 
non-diasar In tdme t l tm of dXdotnmagnetic vm@& with a p l a s m 
v i th Uio folXowliis remrksf "In addi t ion t o the vork i n the 
i o n o s | ^ r e y the immati^itloisi and neo of non-lineGr pitenoiasna I n a 
plaeim prodnesd nader lalioratorsr e o n d i t l m assntoos a t tha present 
tiiao sa ovor i no r sa s i ag e l ^ l i o a n o e * Basperio^ts l a t h i s f i e l d 
have car r lod oat oaX^ with short puloes* I t i s eleBr* hovever, 
tha t m ^ broader p o s s i l d l i t i ea e i d s t here**^ the author hopes 
tha t the present uorky a t l e a s t i n a liiiaited way* l a a v iad ica* 
t ion of the s^ove words. 
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CHAPTER I I I WS THBORY OF PBOfACATIOn OP EtaSIROmGUEHC 
WAVES KIROUaH A PBRIODICAIJ.y YABYIirO ftEBIOK 
1* In t rodt tc t lo i 
Propa^tiOQ of E loo t ramgmUo waves t h r o u ^ 
a Il9dli2Ci trhosG d o l & e t f i e BerQlfetitdty and 
Cozidttcti7it|r bswQ Fsr ioMeal ly Varjring llaiaxs 
3* p r o p ^ t i o n of E lee t romgadt le Maves Thxmi^ 
a p l a s m WUeh Has fiia@-Varj^iiig Bloetx^n 
Density eaad j^etroa-^tolecaXo Co3JLial<m 
Fraquancy. 





DidozotiooX of tho |>ropa^t lon of elBOtrosagnotlo 
«fav0B through a plasma vhlch bm tStae-dspoaSoiit p rope r t i e s lias booa 
oaAs hf a number of aut iu^s* ^ s t o f those ooi^^rned with 
tho iimosphario pimnommn of raillotirave i s t e r o o t i o s * wbsm a per lo* 
a i e QoiHuQ I s oroatod bjr a stst>]]|g amplitude o o ^ l a t o d ra41oitfav0« 
I n laost of those in^ost lgat lonsi , tlio d i s tu rb ing va^o i s assunsd t o 
bo not s t rong onou^ t o por turb t l ^ ra to -^oof l i c io i i t s f o r i n s l a s t i e 
e o l l l s i o a s so tlmt t b s eo l l l s lo i t s leading t o sioiasatuiiwtraQa* 
f o r a re asstaasd t o follow th© 
v«KFiati03i8 of tho oZootroa ton^^ra* 
tuz^ oroatod hy t l ^ i n t e r a o t i o a of tbo s t r o a s l^old iidth tho 
plaMe>. Thoro has boon a foti i avas t ig^ t ioas rooontly of the e f f e o t 
of o lee t roa doi^itir v a r l a t i o a s on tho soduXatiim of tho «dak 
wavo. mmvoTf i n tlioso studios* tho t i&e-var ia t ion of tho 
oXootron donsitjr i s assucood to bo oausod by tho laodulatlon of the 
rate<»ooeffioients toat e loc t ron doplotiont liico tho at tachoant eo* 
e f f i c i e n t t ra ther than hy any ohmgo i n tho ionlssation ra te* Sodha 
g 
and SawhnejT have inves t iga tod tho e f f e o t of eXootrcm density 
va r i a t i ons on tho vaire i n t o r a e t i o n , assaming tha t the e leo t ron 
^ n s l t y i s ^ v o m e d by Saha*s equation a t tho eXootron tec^erature* 
tho aim of the present study i s t o derive a sii^Xo reXation 
3i 
for tha BsspX±%uAB xaodulatioR ind&jt of an d l e e t n s o a ^ t i e si$gcmX 
propaisiatiag through a plasst^ which tims p o r l o ^ e a l l y varying eXoe-
t ron densi ty and oloctxon^iaoXoeuXd c o l l i s i o n f i ^ u a n o y , i n terms 
of tho var ious paramotera of tho p l a s m t^ i ch aro access ib le t o 
ax^ accurate Eiaasureoent. To achieve t h i s a r c l a * 
t ion i ^ i ch can be v e r i f i e d by ezperiiadntal i n v e s t i g a t i o n s , one 
naturoXXy has to cxOce a nminber of assns^t ions vh i i^ would sisspXlfy 
the issny oos^Xicated pheneiuena taking ]pXaee i n a radio^freqiienof 
discharge pXasiaa* These s i c ^ x i f i c a t i o n s t porhqpst ^otild not be 
J u s t i f i e d i n a pureXy theoroticaX study* 
fhe theoi^ticaX study has b e ^ accoiii^lislied i n tvo 
f i r s t i s esi^ntiaXXsr a qutaXitative approach* where we consider 
t l ^ propagation of eXectroisagnetic wave t h x ^ u ^ a laediuQ whose 
dleXectr ic i i enni t t iv i ty end coi^Xex conductivi ty have tiias depen-
dent mture* /iXthou^i the ana lys i s wlXl not provide us with any 
r e l a t i o n amenable t o experi&i3nt£t inves t iga t ion and v s r i H c a t i o n , 
t h i s wlXl ce r ta in ly help us to ^ t a perspective of the var ious 
e f f e c t s i ^ ich occur when en eXectanoagnetic wave passes throiigh a 
tlcie<»varyin6 xaadlusi* I n the second de r iva t ion , we t ry t o foXXow 
tho propa@ati<m of microwave s ignals t h r o u ^ a pXa^m generated 
by aaplitu^>»ii>odulated radiofrequency f i e ld s* The 4iloctron 
tesiperature of tho plasoa which fol lows the modulation omolope of 
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the easdt lng f io l j i siodulatss tbs e leetron donslt^r aixi i^o doXXiolon 
fx«(^ueaey vhoreby the conductivity of tbe pXaesna f o r the p r i ^ g a t * 
lug £d.@Qal b e ^ m s tlm<«dep0ndent. A r e l a t i o n f o r the sodulat lon 
Xtn^x in tonas of the var ious parazoeters of the plasm and the 
rediofrs^uoacy f i e l d I s derived* 
A review of o ther relevant t h e o r e t i c a l analyses , e spec ia l ly 
the ana lys i s made by Sarkar end Eaioal^^ f o r a n i d e n t i c a l problpQ 
I s presented a s a f i n a l sectl<m« 
'H OF SI^CTROm<mBnC W E S 13mOU(ai A r^EPimi l-glOSB 
j g p p m y m m m.mmmym mu mtmQmy; 
£et us asmisie that the codiuia throu^^ i ^ i i ^ the prqgtagatlon 
of electi^magoetic waves t&k&B place has a d i e l e c t r l e p e n a i t t i v l t y 
€ a i ^ a conductivi ty <r and t h a t these p o r a m t e r s have small 
a l texnat i i ig terias superlapcsed •ve r t h e i r respect ive constant 
va lues . They can thus bo represented a s 
€ ^ Styy Slic (2 , t ) 
. (T = (To + CT^  SOv Jli (2,2) 
To evaluate the coii^lox p r o p a ^ t i o n constaixt f o r the 
siedluQt 0ajcirell*s equations have to be solved* t o xaeJso the so lu -
t i o n s ickle» i t i s necescary to make ceirtaln assumptions i ^ l ch are 
suxnniarised bolewi 
ci3 
( f ) t u t a l t e r m t l n g t&rm ot th& d l9 i«o t r io mA 
oondtietiirlty a ra esdfdoaXy email oonpared %o Ihdi r reepeotlire 
constant Th» products and of those a o a l l 
tanas oan than ba oogleotad without a f f a c t l u g tha aeouraay of the 
aa lu t lon to any apprealablo aaetoiit* 
(2) Tha fro^UQaoy of tha va r i a t i on of e andcr (ropraaant*' 
ad hy ) i a aeatsed t o ha vary s a a l l ooioparad to t l ^ t of the 
propagjatlag algnaU m ai | )aniaaii tal oaaaa -a Uiioe In the audio* 
f r a ( | i i i ^y ra i^a i^hllo ^ laay ho i a tha miaroirava 
O ) t ha modiiaa m&nr ooaaidaratloii i a p a r f a e t l y homo^noue aad 
i a aasuisdd to axtont i a a l l dir@otionS| t o i n f i n i t y * Tha propaga* 
t i o n l a asmtoad t o taka p laaa i a tha Z di i^ot ion* t h a taaipciatia 
paansoahility of tha isadlua i a aaauaad t o ho ocmataiit* 
llaaeuall'a a ^ a t i o a a f o r tha madiam oaa ha v r i t t a a aa 
fol lovat 
v k e = - Mo ^ (2 ,3) 
C St 
C c c 
€ +.1^ 17 O-E c a u ) 
Taking tha our l of (2*3) aad us ing 
Uaiag tho i d o a t i t y a iaaa and 
aaauoing that tho o lao t r io f i o l d oon ha ropraaaatad hy 
3i 
tffaero i k i s the coiaplex p r o p a ^ t l o n eonetaofc* a f t e r neee-
aomxy aubstiti3tl<m8 can be vrLttcm ass 
(2.6) 
wtoro mmXl t o r n eoataloiiiij; ttio products axi& powexs of e, 
and CJ7 have been odglootod* Tho aho\re eq^uatlon i a non^Umar i n 
eharae te r and i a soitrod h^ a pertazlsatiaEi taohx&q^, i s 
D e l e t e d fi^* tho pfosont oJid J£ i s evalnatdd tho 
©spanaion of the roat of tha teriast assuiiiiii^ t h a t tbo f i r s t tana» 
s ince i t rapreaeiita constant par t of tho oos^lex p r o p a ^ t i o a 
cons tan t , i s cntch h i ^ o r than tha r a s t of tho tor&is« Thoa Ic can 
bo wr i t ton a s 
I / ^ -
D i f f a r o n t i a t i n g (2*7)» wo fo r d V d t , 
^ J j ^ - ^ L CosJLh 
(2.8) 
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i ^ e h i s aubs t i tu ted i n t o (2«6) t o gs&ts 
K^ w > (feou-i+.TTicr^  (6, w-t^rlcn^ j i t 
to 
jUaUiJl?-
(2 ,9 ) , aoglQotifig «aaall tetm md tboso eontatning 
6tii 2 t | aoft ewl t ia t ing k % the Miioiiiial f i n d 
t h a t ! 




pota ( ^i-ieo- It-IT.V^ ^^^^^ 
ifirlG-^ 
Since i n a aodittsi* (^ Cow- iHnv.J Cow i -
( i - J y fe!ie toKBB ttt tho b rac te t can bQ 
bjr MnoiaSal o^epaasion. Simplifying (2.10) t h l a ma^ y^ wq 
gftt f o r the con^lex piropagafcion constant ik 
\k . i 
Mo 
(2.11) 
(^ IWGe- H-tTtC^  
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f i r s t term i n tli© above oipiation^ wh&n separated i n t o 
r ea l ais& iw&^jai&ry parts v i l l yia^iL tim oonstaat c&mpomnt of t l » 
a t t o n m t i o n co0filoloiit ami plmm c o o f f i c i e a t rospeetlvolyt 
8ln«e oi-vi.^ wljsre k i s att@ni]atimi coeflicdottt ©ad ^ i e 
%hQ phOBQ oQ&fflcleat* f h u s iro I b r the sum of the r e a l 
eoc|»oaoat8> 




( 2 . 1 4 ) 
( 2 . 1 5 ) 
-to.. = ZJL 
GlUi 
ko (2 e^ f^fi - w'^ ecr^ ff-, ibirVo'-fi^  
<2.16) 
37 
Sltoiliarlyy for %he phase c o e f l l c l e a i . 





= ^ r 
Thus tlK) electroioasaetie vavo paaslng thsou^i the xaedilm 
can be xepxescsated bjr 
(2.22) 
46 
m f ind from the above s m l y s l s t h a t tho periodloaXXy irarf^ 
i n s m M m n i l l a f f o c t tlio propag^tloBi of t l ^ oloetroiaaipaetie wmre 
i n sucli a m y t h a t both tha aji |>IitD^ and phasa of the vavd w i l l 
s u f f e r periodioaX chan^js due to tha t t ao -va ry i ag aatura of the 
dleXeetxlo pana i t t iv i t j r and the ecikduotlvlty. Thia i i l l l eauaa 
tha pr<^a®atiQg wxwo to iset siodaXatod i n both phaso aad 
I n the a b s ^ c e of the fXuetiiatliig ooQpoi^nts* i t can bo aaeilj^ 
shoti^ n tha t tho prape^tim msums tho o l a s a i m l fona* 
3* i^QPAQATion OF mMcmcmatmic mv^ TimmH A pusm mica 
qo^sim mmumcx 
Xn t h i s aooticHit quan t i t a t ive exprossioa f o r the ac^li t i ido 
laodulation indole of a laloroiravo a i g o ^ p r o p a ^ t i n ^ t h r o u ^ a 
p l ama p r o c e e d a t r o s g amplitude i^daXated radtiofre^uoao^ f l e l d a 
i s tereiB of tho variotia -pummters t^hich are esparioentaXXy 
oeasurabXet id.XX bo dorivod. fho d i f f e r e n t s t ops leading t o the 
f i n a l der iva t ion of tha loedulation index are b r i e f l y e^Xained 
beXov* 
k set of non^Xinecur agnations are se t iip» by aaamnino t h a t 
the wave a f t e r passing throit j^ the plaism i s ac^Xit t i^ ii»>d}2Xated 
and thus has three fre<|itency ooo^onentai the e a r r i o r and tho 
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upper and lover a ido-bso i^ . Xfa& d i f f e r e n t eof i^o t lv l t iGS f o r theso 
th ree frequencies a i ^ ealcula ted by assnioiag sxsaXl f l u c t u a t i o n s 
i n the oloolron d i m i t y m d the e o l l i s i o n fraquene^* Theso non-
l i n e a r oquationd ara solved by tfae la&tiiod of suocessi'^e approxioa^ 
t i o n s (and the oodalaticm indox i& evaluatod i n torsxs of tho tiioa* 
dopendont o lee t r tm taiaporatuTo* I M s tifa^-dapondent ooc^onsnt of 
the e lee t ron t&mpsrature i e dotorsdned by aolving tb@ onorgy 
balaneo e^uaticm fmr a plasma ©onerated by an as^ l i tude modulated 
radiofro^uonoy f i e l d . Subst i tu t ing t h i s i n the expression f o r the 
laodulatioii inde:sy t i ^ f i n a l oiipre^sicai f o r tho aapl i tudo modular* 
t i on index of the laiorosavro m^oal a f t e r i t s propa^pation t h r o n g 
the p l a s m , i n terms of the parmmt&m vhich ean be f^ad i ly 
iseasured i s e a n m d a t* 
I n tlto eourse of the a n a l y s t t o aato the s o l u t i o n 
f e a s i b l e idthofit r e s o r t i n g t o oactreoely ooa^l ieated raathematioal 
devioesy a number of & i a p l i : ^ n g approxloiatlons a r e mad^ as i n the 
previous cose, the plasma i s assuiaed t o be hoiao£senous and 
i s o t r o p i c and tho plane eleotrooagnetiO vave i s assumed t o propa@» 
a t e i n the Z d ireet ion« The f l u c t u a t i n g coc^onents of the 
e leo t ren density and the co l l i a i an frequency are assumed t o be 
f a r aioaller than t h e i r respect ive constant components and a r e 
40 
ecntsidoi^d to be eaased by tbe Uoe^'yariatloii of tiie e lect ron 
t e s ^ r a t u r o * Hoiieo tlioy bto ejcpressed i n tha fon t of a 'So^ Xtxr 
BQTieB Q:3ipB08ion* The QxsLtins x ^ o f T O a ^ n o ; f l o l d i s m t i m i n 
tho t ditreotion and i t s eaxvler fiB^uomy woU the iaodii3atiag 
ftisqueaoy s^  a re very small eos^ax^d to ttio a s h l a r frot^snoy of 
the cHorotrav© s i g n a l • The index of m o ^ l a t i m ttspvoQm^ apon 
%im lAgoal i a asemiaed to small cois^mx^d t o t s i i ty . Tfm 
plBBm i s assisaed t o be of losr ^ n s i t y co tha t < v^ < 
whoTo Ui^  i s tho p l a s m trmmttcs* 
i ) poR^-mnear WQVQ mn^t io^ a ^ i t s S o l u S i ^ 
o<|uatioss a m wHttos) as» 
Vx M = M T i- ^ 
c 
Vx E = - i ^ c at {2,24) 
r Lfirf 
V- H r O 
(2.26) 
where 1 and I are the e l e c t i l o and loagastio vectors of the pvtspet^ 
gat ing f i a ld} D the e l e c t r i e displacement vec to r , 7 the current 
density and f tho o h a r ^ density* In an i so t rop ic p l a s m the 
following; re la t ions a rc a l so val id i 
D--eE ) T= (TE ; avui f/oH (2.27) 
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^liere i a tbo d i e l e o t n c p9na i t t i v i t y» tlie eondtieti-vity and 
the magiaetie pere^abi l i t^y ndslehy fGt a l l p r a c t i c a l puiposos c m 
bo eonslderod t o t>8 tizilty« Tfao f r eo c h a r ^ densitjr i s seroy aaneat 
by def l i i l t ioa» tho p l a s m i s adsvsaad t o be ctacroscopically nsot ra l* 
I t I t al£d adsumad tha t tbo p r o p a ^ t i n g f i e l d s t i ^ n ^ l i i s v o l l 
belov tbo plaissta f i e l d to cause tm^ non-^linaarit ic^l^ fhias tlie 
px^a^tioQ ot the ^^pal can ho expressd by tbB foXlouiiig mm 
e^uat ioat 
lidt tb@ e l e c t r i c f i e l d of tbo p r o p a ^ t i n e iimve 2ms tbe 
folloif i i ig t&xm 
E"-- -eyj, icot (2#29) 
80 tha t tiK3 tiurrefit density i s given byt 
T r G-Eo Cxj. iw-t ( 2 . 5 0 ) 
Considdring oite«»diGioii8ioiial p r o p a ^ t i o n along tbe Z direc-* 
t i o n , tho \imo ©quotion given by (2,28) * d l l reduce to» 
- ~ tfT^oUDcr , , . 
SonoaliziQ^; th© e^ittrtiott by dividing t h r o w - o u t by E^^jt 
which i s en aarbitrary f i e l d and assuming t h a t i 
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(2*3t> can bo tronsfonaed tot 
^ = (2.33) 
The doii^Ies s l o e t s i c a l ^tsadttetiviijr o^ tha p l a i m f o r Iho 
Ijrofag&ting st^nal of frequenear cd i s by tha s leaenta iy 
12 thsoFj^ ast 
wh©ro 0 l e the elootronle o h a r ^ i n 8 tlis eXeotrcm daimit^ 3 
i n m feho siaes of the olootroos in gimis* and v tho 
e l a s t i c col l i s io i i f]ro<iaoncy* I f we assoo^ tha t tha propa^it i i i^ 
vmQ i s aisi^litudo nsoduiatod a t a jx. « th@rc >ialll bo threo 
fTQq^ xiBnef cmpQmntB p i o p a ^ t i n g i n the p l a s m trhoso ffo^uencieo 
airo to^ (w+yi; and (w-jv^ , For oach of tteiso waxros th® conductivity 
w i l l bo diff0x*ont« fheso coadiiotiiritios aro ^ v o n byt 
I 
(To, = ^ o-o. (1 - ^ (2*37) 
crc2 = ^ wv [ i 6-00 (2.38) 
I«et us assttiBQ that the oXectron density and tho oo l l i s ion 
ffoqiuonoy aro con^joaed of a constant par t and a tiiao-varying par t 
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mii. can ropreeented I n tbe foXXcwlng ura^t 
Ne-- Neo + i Ji-t 
V ^ Vo i- V, « 
( 2 . 3 9 ) 
(2.40) 





( 2 . 4 1 ) 
thu® t i e ohoii^ i£t tho Gon&mtiivlts to small ohan^s i n 
the electtcm dondit? and the c o X l t ^ m ffo^tiasejr Qon bo «rjntton asi 
Ac- = (To 4N(2 Ne v + = CTo, 
•V) 
- Neo Vt-ioi- C2U2) 
t h e t o t ^ eonduo t l^ t^ inoXuding hoth thQ eonstani and ti.m-» 
iRsarylng eoE^onsnfcs t s glvaa Wt 
C": 6~"oo -V Coo a i2 iJl-t (2.49) 
a 
Neo V+iu i . ( 2 . 4 4 ) 
Tho as^Xitude modulatod oX^etifOGiagiaQtlc vave p r o p a ^ t i n g 
t h r o u ^ the plasma with i t s eXoetrlc veotcir i n tho Y d t ree t ion eaa 
lie ropresented ass 
I- i- iwt r i fw+J^-t r- "i (^W-JO-b 
Ey . ky, e'"^ + € ^ ^ h^ SI ^ ^ (2.45) 
The ouxrenfe density* using (2.45) and nogXeoting small terms of seGond order con be y r i t t on aa
T . (To. Ey. -V E. 
2. 2. 
isrl^ro a i s ttoo complex oonjugate of a . Subsfeltutln^ (2.46) i n tbe 
vesrc oqua^icm anS separat ing tho equations forthB thr@e tmqfXQm&f 
cem^mntBf m ^ t the i Q l l m i m e^uationat 
42=- C2-
dz- — TT 
^ z _ ^ fc^ Cw --^J ^^ -r Mri fx C^-J^ Tc.e:. H- ^ ^ ' 
dz'^  ^ c=-
Bidd ing throug^i i t b^ a rb i t rax^ nonmliei i ig £LoM 
^oo ^f/^m ^ ' " ^^ us ing 
tb© l a a n t i t y (2.32)» tho equations (2 ,4 t t o 2.49) ctm bo wr i t t en 
asf 
^ ^ = - t o - f o ( f i - ( 2 - 5 0 ) 
^ _ (wi) ^ H-TH c;, q r V 
= - I^ JT-V'' H- H-TTlG-oi (W-^ . a £0 (co-^ ) <2.52) t^i ^ -r V ^ 4 
= 60 _ 
irta0ro» 
^ I^ -Ta rp, (cb-^jiJ (2.53) 
45 
CL, = i g (^ lo+J:^  
(2.54) 
(2.55) 
a s = S (^ui-j^ 
The solutioxi of (2«50) can be i^xltton as t 
So = k . ^ (2,57) 
vimTQ the iitat t o r o repingsonts a wasrs txwdXling i n ttm • ^ 
d l i ^ e t l o n vh l le the second t e m ropr^son^s a backward travdHIiiig 
wairo. tbo l a t t e r t tk^ so lu t ion oaa bo wzl t ten ass 
^o = (2.58) 
Tbe fo l lov ln^ boundary condit ions aro t o bo e^pliodt 
Sa - Ac iSjrO : So i: O OO (2«'59) 
Using tbs solut ion (2.57)» the equations (2*51) and (2.52) 
can be solved by the method of successive ^prox ioa t ions^^ a i^ the 





(2.55) and (t«56) ^ ^ p u t t i n g 






( 2 . 6 3 ) 
CoxQibliilng tlio so lu t lons t tho propagating as a wliolo 
cfis %rfltteii es t 
-I- iX e _ 
= Ao G 
a c 
(2.64) 
This i s an e^ur t ion f o r an aciplitttde modulated and 
thB modulation index i s bjrt 
Af t e r tak ing tbe loodiilusy tiie ostpression f o r tho ac^l i tudo oodula* 
t i on inddx w i l l bseootdt 
) 2 -
2c (_ V 6Neo coVvy ( W +^V^  
( 2 . 6 5 ) 
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AmsaminB tluit tho o lee t ron ^ n s l t y and e o l l i s i m fire^uone^r 
ard f t inct ions of tho eloetr<ai t e s ^ m u i ^ , sutili t lmt fo r s a a l l 
dsvlatiQns of tho olootroa teBiperaturet tli@2r oan bo eacpi^osed a s t 
vtmro tM soQond term tn and (2*67) roptoeont tho tiiaa-* 
irorj^ng coi^^onente of the olootron densi ty and c o l l i s i o n freqoonoy 
rospoctiiroXy» duo t o ths aoe l l devia t ions of the e l ec t ron temp* 
e ra tn r s f r o a i t s otisd^libriimi valuo^ Using {2*39) and (2«40)9 t he 
laodulatlon index (2*6^) can be vx l t t on as t 
vhere and ^ a r e the laean va l ine of the e lec t ron dens i ty and 
c o l l i s i o n frequency raspeoti-vely. 
Hence we f ind tha t the ciodulation index of the propa^stting 
s ignal depends on the m a ^ t ^ d e of the per iod ic i rar ia t ion of the 
e lec t ron t e c ^ r a t u r o from i t s oquilibriura value, and i t i s nece<» 
ssary t o detenzdno the iralue A T^ before arr i i r ing a t a f i n a l 
expression f o r th@ siodulation indoju 
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i i ) VarlaUon of feho BXectryn Teaparatuy? fyoa i t s ttoan Value i n 
^Plgaiaa c rea tea t>y an Aamlltuao llodulateg BadiofreQiaeney 
Ih® radiofrs^uQney ^iselmr©® i s c rea ted ^Ibb tbs 
o s o i l l a t i n g i n an a l t e m a t i n g e l e c t r i c f i e l d aequii^ ©oergy from 
tbo £L0ia and by i n e l a s t i c co l l i s i ons i r i th laolocales produce 
now oloctn>i^don pai rs f the iflFocoes omtimdng u n t i l the gaa brealcB 
dtt^n. In the d l a d i a r ^ there i s a dynamic equilibrium between 
e lec t rons created and those l oa t by vorious l o s s laechanisias. f h e 
energy received by the e lec t rons f r o a the f i e l d i s ut i l i ised i n the 
following itfo^ss 
i ) f o incroase the e lec t ron energy t l^roby increas ing ths 
e lec t ron toxE^mture* 
i i ) par t of the morgy acquired by the e lect rona i s t r a n s * 
ferrod to tbo molecalea i n d i f f e r e n t Kinds of c o l l i s i ^ s . t h e 
fo l loving are the prosdnent processes by v h i ^ tim e l ec t rons lose 
t h e i r energyt 
a ) l y e l a s t i c c o l l i s i o n s with the Qolecules i n whL<^ a 
small fr@«tion of the energy i a l o s t i n every co l l i s ion« This 
energy l o s t i s proport ional to the d i f f e rence of the e l ec t ron and 
saolecule energies end the constant of p ropor t iona l i ty i s c a l l e d 
the energy l o s s f a c t o r vhere a i s the e lec t ron laase and 
49 
n 18 tlie aftss of th0 
h} isr inoXast le co l l i s i ons with tuo moldeuXes vhloh 
r i s e to %h& foXlowliig pmeQSOem (1 > fhd laolooular energy Xovols 
a r c x a l s o ^ (2) fho e i e e t m i s bjr l on le l ag ooUls l fms 0.vm r i s e to 
m v olectroi:i«d.oii p a i r s . A eonslder&bl© Inact ion of the s l o c t r o n 
OQdrgy i s l o s t bjr sack ooXllaioits* (5) Blootroos duo to oolUsloiia 
i f l th m u t r a l moloeulds whit^ tm-vo m a f f l a l t j r f o r e l e e t r m s a t t a ^ 
thos^olves t o then to form aagatlire l o s s l ^ (4) Eloe tnms te t o 
oollisl€»t6 with p o s i t i w l ^ m reimii^ltid with thorn and form aou t ra l 
siolociilos* 7ho f^eomblsidtloii process e m bapp&n i n & var ie ty of 
tm^rs. Al l theso l o s l a s t l o eolUslo i i s hanro a s t r o a s ^epoadonco on 
tho e lootroa onerg^r and the eross*soot lons for theso e o l l i s l o n s 
and tho l r r a t e oo*offl€^oiits dspand oa the o l ee t roa energy l a 
d l f fex^nt waysl® 
7o IneXude o i l those processes l a wr i t ing ^ m t i ^ eaergjr 
balaaoe equation for t he plasaa e l ec t rons would reader I t eactreoelj^ 
eoQ^>llcated* l a the o r ig ina l theory of loaosphsr le cross cndala* 
17 
t loay Bailey and tlartya eosstdered only e l a s t i c co lUs lona 
between e l ec t rons and sioleculcs In solvlag the eaergy balaace 
cqo^tl^m. d n e b a r g and Oarevlch^ consider the e f f e c t of l a e l a s t l c 
c o l l i s i o n s by assustlng an e f f e c t i v e oc^Usloa frequency and energy 
0 
Xoss l ^ t o r * c a l d i r e l a sad dd BarM^rl i n t h e i r thdox«»tioiiI 
studEsr of the &on«-Iiiioar i n t e r a c t i o n of e l e e t r o o a ^ d t l e inanros t d t h 
l o n o s i ^ r l o plmtm^ Inoludod e l a s t i c a M I n e l a s t i c oo l l i s i one 
using an e f f o c t l v o c o l l i s i o n frequency anS corrasponiingfLy 
8 
i«>dtfyin6 th© en»rgy l o s s f a c t o r . Harsln^^rao discuesinc t'Jio 
sdorovav© I n t e r a e t i c a i n axysfm mgti0topla8i3a@« separa tes the oner-
gjr l o s s psrocesses i n t o t%rot cm due t o e l a s t i c c o l l i a i a n s and the 
o ther due t o i n e l a s t i c c o l l i s i o n s leading to two hodjr attachcuent 
process, of these processes has a separate e n e r ^ l o s s 
parametoz-, «^ l lo the energsf l o s t i n hoth t j ^ of c o l l i s i o n s i s 
assumed to he piroportional t o ^ e d i f f e r e n c e i n the e l ec t ron and 
molecule emrgy* and Case consider i^arlous I n e l a s t i c 
c o l l i s i o n s lead ing t o the e x c i t a t i o n of the r o t a t i o n a l t v i h m * 
t i o n a l and e leo t rmi ic energy leirels of the nolecules a s i t^ l l a s 
the lonLeatioa and recombination processes . 
I n the present caset «rhen the plasma i s ^ n e r a t e d hy the 
s t rong f i e Id» the phenoisena talcing plaoe ins ide the p l a s m a re 
va s t l y laoro cou^licated* But to inoluda a l l those e f f e c t s l ead ing 
t o changes i n the d o c t r o n energiesy d e n s i t i e s and c o l l i s i o n r a t e s 
i n a ainglo r e l a t i o n would msko the so lu t ion aliaost I c ^ s s l h l e * 
f o laake th ings e a s i o r t the colllsleaas (both e l a s t i c and I n e l a s t i c ) 
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a re rapromntdd by eai e f f e o t l v o GolUaioii t r m m m y and the &mrgy 
l o s s f a c t o r i s a l so eorrespfflndlngiy mo^llled. Tlsen the enerigr 
21 tmlGJiee eq,mtlm cm bo vr i t t&n ms 
where 0 and tfaa e lue t roa and iMlecul&r oDez-gt^s i n t anas o f 
t h g i r fesp0Otiir0 Ir lnat ic f ^ M m a <r i s the 
r e a l pa r t &f tb& m&kofxmuQmy ^ t m ^ a t i v i t y , vhieh i s f a r lar@»r 
than the tmgimry par t f irhen aognlar trmmney of thd vm& i s 
22 
mry s o a l l eoc^^arod to the # f foc t ivo coIXiMtAi fr©tuencirp and 
V a re a s a o ^ d to b@ i ^ e t a a t toe the pxosont aa the c h a n t s i a 
thorn em h& m m m d to ho mcoMary procd&sesm Th& term B (t> 
ropraasnta the aisi^itude modulatod rodiofra^uem^ f i o i d whieh can 
he v r i t t e n ass 
E a > Ey. [ i - t - a . ii^] lA.^  (2.70) 
vhore fi^^ i s the aodula t ioa i&dox of tho vav&p U)^  i t s an^Xar 
frequonoy and tho m0i l&r froqtaemy of tho laodulatin^ sl^aaX, 
Subs t i tu t ing thoso i n ( 2 . 6 9 ) » tho aquation oan be i r r i t t en as t 
^ (' -t- Crt^^ -H '^^ Cm 2yii) J 
^ h i Z 
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tbe s<autlon of t h i s equation has bean anrlvod &% by ma^y 




ICCM. C^^ sA. 
( 2 . T 4 ) 
To f i nd a flJftaX e3q>«sssioiii for tho a%l i t udo aodulat loa 
index of the microwave Bl0 ta l a f t o r i t propagatos t h r o u ^ tha t i m 
varyiiig plasmat m^QCtixte the termnlc coa^onentt 
i s s t ths t l tu ted i n t o {2*€8) t o gstt*" 
Sc-mkJii^v' 
V Ne cOH^ y^ 




OTHBE mgORmCAL AHALYSSS SEmrAm TO WB PaESEHf STUDY 
Sartear wifl Kaiaai^*^ liavo a n a l ^ t l e a l l y s tudied tho amplitude 
ctodulatloti of xBLoro«a'V98 paosicg t h r o u # a plascoa i^norated by a 
a t rong araplitudo isodulatod radiofra<ludnc3r H o l d . Siaeo the 
ei 3 
present si t t tat loii l a I d t a t i o a l and th^ oa^oHmontaJL rosuXto of th9 
prm^ai tttmO^ em m^ym^ i n i«riae tfsis moXy^ia toof ft 
auuHiry of t b e i f worli: vi l l i he prosoiited tMilov* 
Aesuaing that %im rnxumntmmitrm&i&t eolXleiotifi praaoalnato 
WQT oth&T of eolJUi^^ni a nonwli&car @guation i s 
vhioh i s soiiref a pe r tu rba t ion sua the a t t^ imat ion 
oodfUeien t i s or^rolttatei ast 
2c U)"- ^ L 2-LO^  ^ ^ J ^ 
irto^ra S.-^l^t^.'^^l ai4<l y^c ara the ai teimati t ig and oonetant 
eofiiponaato of tlKJ e lee t ron densi ty r^tsjK&otivolyt the oodula t -
tng fmm&tmy* ^^^ t i iae-varj^ng e o l l i s i o n f t m ^ m e s i s evaluated 
ao fo l lovs i 
fha mwes^ inpttt to tha pla@&ia i a asstused t o be spent i n 
the var ioue proeeesea hj^  vhioh the e lee t ron m ^ r ^ i a inoreaaedt 
ttid m v eleotf tm^ion p a i r s ara oreated* S o M n g the emrgy 
balance eqtiation under mm^ atsini^tiona* t h s time* 
dependent oo l l i a ion fretiueno? i s w i t t e n aai 
ifhare i e the mm d o i l i a i o n fro^uenoy n i t b reap<iot to i t 
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f l u c t m t e s aod m^ and n ^ aro tiiro e o e f f l d e n t s tlie 
m a ^ t u d e af tho modulation of the e leotron enorgy* C<»aixliilag 
(2«76) and (2.T7)* i t i s possibXo to wri te the aodulat ioa index ass 
yi-gogv i^oV /cotc^ -nio 
(2.78) 
nharat tho syoibols have the folloid^iig m m i n ^ the isKxdalation 
index of the ©xeitiiig f i e l d * Ey tiic r a d i o f m u o n e y f i e l d s t rength 
exc i t ing tho plaoea, Be» thd redueod prosBure i n tm Hs, Pe %h& 
probabi l i ty of e l a s t i e oo l l i s ions bot^roen olcotrons and neu t ra l 
eoioeules^ h th& distaneo t ra?e l lod by tho taiorowavos i n tho 
plastm^ tho ^mrgy f o r oztaating a now olectron>4on pa i r* B. the 
roeooSiination co-ef£Loiont and tho r f powor« 
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immwcnon 
Xha block diagraQ of the oj^efiia&iital a r r m ^ m n t need I n 
the stud^ cf tbs pfopag^tion of eloetrosiagii&tic waires tlurou^j^ a 
ponodieal l ;? i r a r ^ag p l a s m and fo r th@ asasurosi&at of the m^es^ 
139 to If & of tho p l a s m i s sitovti l a 3*1« tbo ont l ro oi^rlBieii-^ 
t a l assoBbly can b© grouped i n t o th© follot#ing gDneral aoc t ions t* 
1, Radiofrogtiei^y u n i t f o r genorating ths tlnjo^jmrslng 
p l a s m t fho plasma with por iod lca l ly varying oloctr<»i doasl ty and 
oolUsiot i fra^uonoy I s created by eaDeitiog a dlseliar@3 i a low 
px^ssuro a l r» by an aaiplltudo esodulated radlofreqtioiioy v o l t c ^ * 
f h e uni t tlms ooas i s t s of a bign ponor radlofrequoacy oS€dllator» 
an^li tude oodulator f o r the oaei lXator ^ d the aitdiofro^ueney 
generator* Sinoo the pa ra i^ te ra of tbo radiofreq^ueney s igna l liice 
tlie frequency» BF vol ta0i^ the depth of siodulation eaoA !iH»dulating 
fretiuancy have t o be accura te ly oeaBurodf inatrus)&nts necessary f o r 
these measureisents are a l so described i n t h i s s ec t ion . 
2 . Ins t ruocn t s fo r seasuriQg the plasca paraoeters i the 
plasoa parsioeters l i k e the e lec t ron density» electr<m temperature 
ete*y f igure e x p l i d t X y or i s jpUc l t l y i n the calculat icm of the 
loodalatlon index and o the r propagation c h a r a c t e r i s t i c s of the 
DSlcrotsfave signed* These laeasurements wgto dom with the help of 
A VIEW OF THE EXPERIMSOTAL ARHMGEMSwT 
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a Lan^soir Float ing Double Pvobo. Tho deser ip t loa of the probo 
and i t s iztdicatii:^ imi t s aro inoludod i n t h i s Sdotioa. The 
pho tocu l t ip l i e r axiii I t a aeeeasorloB used to maauro the Itisiittous 
i n tons i ty of ths plaaaa aro a l so da&orlbod* 
tho vBrnmrn systemi l^o ©agitation of a radlofr0<luonoy 
ifflLsehargo ftituir&s prooaoroa i n the d i se iaa r^ tubo aod thsso 
p roap i t c s i^ Evo t o he a ccu ra t e l ; mmwcQ^* f h i s aec t ioa deserlbds 
the p l ^ m tho vBJcmM puo^ aad t !^ t rn tTamntB f o r ineaattrLiig 
th® 
4* !lloro%r£!vo propa(r<^tioii systoxoi Slnoe o^ r ixao t i t i s 
p r l o a n i y ccaiooniod with tho propagation of oilcromvos t h r o o ^ the 
plastita^ tha apparatuo t&w tho gsi^ratlOAt tzaosialasimf xo^pt iof iy 
f@oti f ioat ion and mxbsequont dlsplaj^ of tho laicroumvo onorgy c m 
bo ooQSidoxod t o bo tho xaost iii|>ortaiit p a r t of tho oxperinontal 
asoombXy* Thoso aro dosexlbod l a detail , i a t h i s aeotion* 
2 . BADIOFBRiOBIICr OHIT FOR GEKERAflllG THE YIIffi-YARYIHO HASIIA 
A, HadiofreQaeacy QsciXlator 
The d r e u i t of tho radiofro<iuoiiBy o a e i l l a t o r opeiratlng a t 
2 .5 lies used f o r ga&eratlii@ tho h i ^ power radlofre^ueooy al^^iala 
l a fiiiovn i n Ms* Tho inherent voXta^ i n s t a b l l l t i o s i n any 

r, 0 
of the axsas v i l l bo aopXiHed and fd4 back to the c thor arm u l t h 
proper p h s ^ r e l a t i o n s and thus v l l l bu i ld i;^ i n t o ms ta inod 
oseiXlationsy The frequency of tho o s o i l i a t o r i s p r i o a r i l y d e t e r -
lained by tho v&luee of Lf C^ and Cp. t he d r o u i t has esceeXlont 
2 
frequeney s t a b i l i t y and low harmonic content• Tho c i r c u i t was 
aiao chosen f o r the reason t h a t i t requi res cdniimiiii aoount of 
adJustEJents p r i o r to operation* 
I n the desi^ot of the o s c i l l a t o r t tho <aily c r i t i c a l r e l a t i o n -
ship between c i r c u i t coc^nen t s i s that between fi„ a i^ The 
& & rc^actance of C^ was choson to be sisail coorpared t o the res i s tance 
& 
B , which i s a necessary oonditi<m for the isaintenanoe of e8oilla«» 
t i m s * Anothor f a c t t o b© romabered i s tha t tho wove shape of the 
o s c i l l a t i o n s w i l l be detersilnod by the time-period of the coifihina^ 
t i o n of R^ and and t h i s has t o be l a r g s coni^ared t o ^ e per iod & Q 
of 4ihe frequency s igna l . 
The l e a k a ^ of RF power i n t o the power supply and other I w 
iopedance s t a ^ s i s a d i f f i c u l t y o f t e n encountered i n the cons t ru-
c t ion of h i ^ power o s c i l l a t o r s * To avoid t h i s a s louch as poss ib le 
HF c h o ^ s of value 2*3 xoilli Henry were connected a s shown i n ^ e 
c i r cu i t * Those %rore wound of £[o 22 wires on wooden forioers* 
























iiitli a QOiX d iace t e r of 2*5 liKihes. The e o i l was f ixed on the 
chass i s vLtt ebOHito Tim paraXiel plato e ^ a e i t o r Cp vm 
maOet of tvo copper pl&tm of dtmonsiooa 50 om X 10 em, ttx&d a t a 
diatance of 10 cm a,psatt usioig thtQa eDoaito f r a s e a connectod t o a 
l a r ^ ffoodon l»ase. The oomieetioaa of tho plmm capaci tor t o the 
laain tank c i r c u i t mvo isadc hs coaxial cables and theao vqtq made 
as short a s possible* Tho capaci tor C^ conaistod of tvo 200 pf 
gang condensers comtoctod i n sorios* Tho p l a t e separat ion vas 
s u f f i c i e n t to prevent ^ a r l d n g tihich ifottld reduce tho BF power i n 
the pXai^* capaci tor a s « e l l a s introduce noise and other d i s t o r t 
t i o n s in to the BF signals* t h i s c a ^ c i t m r a ^ o served t o tune the 
tank c i r c u i t to the desired f r s^uem^ a n i t o oia&ch i t s iia|»edaacew 
Ebonite rods connected the s h a f t s of t h e gang cendensers to the 
outside* so t i ^ t they could ba conveniently oanipiilated* 
304 TL power t r i o d e s iiere used i n the osci l la tor*- t h e 
radiofre%i;»ncy voltage outpnt was cont ro l led b^ varying the do 
voltage supply t o the o s c i l l a t o r p la tes* To reduce f i lament 
r ipplesy fi lament capac i tors of proper value vere connected i n the 
filaiBent c i r c u i t . The plasEoa tube axid the o s c i l l a t o r assen&ly 
were o o t a l l i o a l l y shielded to reduce r f d is turbances i n the nearby 
ins t ruoents* Tho connectiens to the modalation nteter* the 
ftequQtasy laetGr mre o&da of shielded cables comieeted to a 
plekMip c o l l Xoosoly eouploii to t t ^ tank eoi l» I t vas howover 
found that« i ^ m tho d i s e h a r ^ was s t ruck i n tho tubc^ Tt distur** 
bailees vqtq c ^ n without asiy i ^ a l d l a s * 
M* tlodalatinf; Agtolilior 
A sisi^ld and comroiilont laothod of modulatitag the ai^Oitude 
of tho fadiofroqiieao^ s i s a l s i s provided hy the use o f tho Choko 
Couplod H a t e Modulator^ shona I n i l g , 5*2* Hat© laodalatiim vas 
choson boeause of the lot^ d i s t o r t i o n of the isodalatidn oxarolopa 
imS. @ood l i n o a r i t y a l t h o u ^ tho oethod neeesBitatod higher audio* 
froquom^ poiror input oos^ared to t ha t ro^itiired i n gr id 
laodulation, 
Tho pr inc ip lo of plat© modulation i s as foXXovst Tho 
instantaaoous audio y o l t a ^ s a t tho p l a t e of tba taodalating 
a a p l l f l e r i s added t o the do v o l t a ^ on the o s e i l i a t o r p l a to s and 
over an audio egrclo« ehangas the l a t t e r i n t o i ^e r e B^^ 
i s the do p l a t e vo l t a ip and M i s th^ l ao^ la t ion lndex» f h s 
at^pUtude modulation of the e a r r i c r i s accos|»anied an increase 
of tho power output» the add i t iona l power appearing i n the s ide 
hands* the oodulator m s t he capable of mipplirins s u f f l d e n t 
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slno worn power fo r t h i s , tii& 15 hmvy I m ^o lm i d t h 
a eurroat earryizis capadt®- of 750 bA ftinoUcms a s tho ioad f o r 
the ciodalator* 
f o r h l ^ d^l^eos of aodiilation, the audlofraQuoney powsr 
input ^ o u l d bo moh tha t tIsQ voltage a t tho (melXXator pXatos 
trarlos from s^ro t o tv ieo %h& do operat ing p l a to v o l t a ^ . To 
achieve t h i s t ^ pXato volto^^ of t h t iM»dalatlng ecipXiflor must 
bo h i s N r t]38is t i iat of the ose iXla tor . The reoia taaeo fig^ placed 
betveoa tho laodiilatiii^ isapXifior &M tha HF <^clXXator accoo^Xiehes 
th i s* fh© capad taaoe C^ g connected pEumXXeX t© a^ provides an 
easy path f c r the ampXifled audiof^e^c^noy voXta^o f r m the 
Qi^Xifler to the oscHXator pXstos, S^j cons i s t s of f i ve 100 ohias 
( l iO y , ^rewottnd) r e s i s t o r s connected i n s e r i e s md C^ ^ 
c<aii5?osed o^ 6 pieces of 2 p f (1000 V mc) paper capac i to r s 
c < ^ e c t e d i n paralXeX. 
The anaiofroqtiency ao^Xif lor c o n s i s t s of %vo VT 127 A power 
t r i o d e s connected i n paraXXeX. The audiofrequency si^iaXs vers 
generated by a riavXett Packard ModeX 200 B Audio OsciXXator^ i ^ i c h 
has a fraqusncy rangp of 20 c s t o 20 lccs« variebXe i n three s teps 
and a mxLxmim output voXtage of 100 with a^out 50 V input i n to 
the as^Xif le r t s u f f i c i e n t depth of sioduXaticu couXd be prodbaced 
6 4 
at audlofxsquenelea upto t beyond vbiob Mgbet' voltagiaa mr& 
uaeaesarj^^, thQ laoaaXatiosi inddx omiXd Ik> vaxlad frtna 0 t o 90 
per <s@iit varying ths audlofraqLueinoy voltage iiq^ut to tlia 
ai3plifior« Howevor* bdironA ca>dut ?5 tbe aodulat lon 
anvolop© mB found t o d is tor ted* 
C» SC B&^r Sttimly f o r the HP QgcUlatttP and liodttlating Mapl l f ler 
Tho de po^er roqtdroiaent of tlie BF o s c i l l a t o r m& oodulator 
i s about 1.2 This was sn^pXlod by tb@ h L ^ volta@@ pdver 
sMpply ehoim i n Hg^ 5#5« tbQ plat© tmrnfarmr l a a a wXtagD 
r a t i n g of 300(MH^000 V rm and a malmtaffi ourront capacity of 750 
M . f n l l wa?0 r e c t i f i c a t i on wbb achiovod by using ftotir 866 A 
Maroury Vapour r e c t i f i e r tubos, two i n each ar&i, Tix) 50 f e a i s * 
tancos conaectod i n the p l a t e s a ro t o provide o t u a l d i s t r i b u t i o n 
of the current i n a l l tbm tubes . Since o lee t ron io v o l t a ^ regala* 
t i o n and liisa suppression a re ext res^ ly d i f f i c u l t a t these h i ^ 
iroltagssf conventional c i ^ c i t o r input f i l t e r a^&ton vas used,-
P . The Itodttlatim Meter 
Accurate loeasureiQent of the oodulation indox of the BF 
c a r r i e r i s necessary fo r the aocoossful perf^msiance of tho ©ipor i -
Qsnts* The aeasureoonts should bo done conveniently and rap id ly 
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cossnarclal t f a n s n d t t e t s . Qsdlloscopo laoasureiadzite require eootpu-
t a t i o n s tdiieli a r e laeonvenieiit i n th& course of tho e a ^ z l & e n t . 
A s l s^ Io t o tisOf but aeouratu laodulatlmi siDter sa t i s fy iQn o i l the 
aboro conditions iias boon described by Carter^ vbleh has boon 
chosoa with a fow oodtl^eatloiis of tho c i r c u i t Tho 
diagrai3 of ttm InstroiieAt i s givoa i n H g . 5*4« 
Tho instruisoiit oaa bo soon t o have ossoa t ia l l j r tvo partsf 
a BF dateet ion s t a i ^ vhloh moastiros tho caxr lor voXtago loirol and 
an audlofroqneoM^ ds toc t ion s t a ^ «hich dotormlaoo tho audio levoI« 
Tho lajdalatiim Indo* i s aoasnrodby coir|>arine tho two. By i^ropor 
e a l i b r a t i o n t the Instnimont can bo mdo to road tho modulatKm 
Indox dlroctljr* 
Tho €CS pontodo r o c t l f l o s tho EF s l ^ a s j s f ed t o i t s 
cont ro l g r id froQ a p lc^ uip co l l loosely couplod t o tho tank 
c i r c u i t of tho trsnstai t tor* ifhoa tho aoloctor swi t i^ i s placed a t 
pos i t ion tho r o o t i f i o d output I s road by tho oiczimQaaotor a s 
tho carx ior l o v o l . when tho switch i s placed a t pos i t i on t o r 5t 
the audio s i^oa l s aro fu r tho r r o c t l f l o d bjr tho 6H6 doublo diodes 
and tho r o c t l f l o d output road b^ tho saoo xaotor vllX Indica te tho 
sideband lovol* At pos i t ion the motor roads tho t^por s i d o -






of the pot<mtioi!K}t6rs fi^ and R^* thQ r a t i o of tho eaxr io r and 
stdoband Tem&ixk^ eaa !}e divootlsr isade t o show t h e modaXaUm 
index of the astplituda xoodnlatod 
Tho poteiitiometors H, aad R^ adjtiatod l a the t o l l o ^ n a 
m y t For tho ad jus t oast of R^t tho soloetor si^iteh i s put a t 
pos i t i on the |»oteiitiOQ0ter R^  I s advaneod to about th ree 
four ths scale and R^ i s var ied u n t i l tho ootor reads 200 This 
reading alwa^rs has t o be cialntainQd as tho oa r r l o r lairel* fho 
ad^ustoent oi B^ l a dona b? eoc^i^ing the l as t ruoen t v l t h m 
osGllloseo|4o display of tho laodaXatod pa t tom# For oscao^le, i^on 
the p&ttom fihoired $0 per cent iziodulatlonf the m t o r t n i t h tho 
si#ltch a t posltic»i t or 5« vas laado to road tOO jak bjr t l ^ a d j u s t * 
fflont of the potentloiaster t h i s cailbraticKi was ropeatod a t 
d i f f e r e n t ooduXatlm dopths of tho c a r r i e r and laodulatlcn 
froquonolos* 
I t I s extremely i s^o r t an t tha t tho s o d u l a t i m metor has 
l i n e a r response a t a l l modulating frequenolos* The frequency 
oha rae to r l s t i o of tho audio de tec t ing sta{|p was oxperiiDontaliy 
dotersdnod by applying audiofrequencies of constant air^l i tude, i n 
tho rang© of f requencies ftcom 20 cs t o 20 kcs» Tho froquoncy 
response c h a r a c t e r i s t i c i s shoirn i n Fig . 
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Tbd instmisieiit vas lammtod on an aluodiilim pagt0l mad 
melosod i n an mXtsniMtm oaso* Tba RP lead from tho input torislnal 
t o the (if the 6C6 tul>o was itmde a s abort a s posalb l^ t 
e r r o r s Am t o the SF pic&op bsr othor ^ a r t s of the i n s t s ^ 
mmt* All the fiF connections wore loade of shiaXded eoaxLal wires 
and tho sh io ids voro p r t ^ r l y gromded* 
fiaterodyao Froa^nc.? tfeter and Crysta l Cal ibra tor 
Althoii;^ t h e f;m<peni:^ of tho c a r r i e r s igna l s do not e n t e r 
i n t o the eaXeuIation of the ooaiilation i n ^ x of tho isieroiio^^o 
e i g ^ l s ^ i t was mcoBaojry t o dotextxltte i t aocuratoly i n the 
seasxireoants of the RF oonditotiidty* Qenerol Sodio Tjp© 620 A 
H e t e r o d ^ Freqmmy ^ e t e r m i Crysta l CaXibrc^or «ras used to sot 
the oselXXator t o the desired freiiueney and t o laeasuro tho imr ia* 
t ionof tha o s c i l l a t o r freauenoy i n tho presence of t h o p lasm* I n 
ac tua l praoticof the f reqi^ney was m% i n the near abouts of 2*5 
Mcs a t f i r s t by using a xesonanoe freq^uoncy co te r mlth a S^on 
las^ indicator* Then« with the c o i l and condenser s e t t i n g s of the 
tiroqjmm^ ae tor a t tho proper va lues , tho tuning capac i to r of the 
BF o s c i l l a t o r vas stowd slottly u n t i l the ssero beat vas l ^ a r d i n 
the earphono connected t o the fie^uenoy meter* 
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Tb0 fns^xieoey m%QT has a iraiige of 10 Mes t o 20 t o 
iQsasttre frequencies h0ltm tho range of tlio mstert hanaonles gomra^ 
ted i n the 40tootor s tage arc used* Tho c r y s t a l c a l i b r a t o r has 
a funaaoofital tm^iu&m^ of 1 ^es and tb@ oal ihra t io i i of tho 
ffO^ttOAoy ladtor a t a l l tho froquonoios caa bo doDo « i t h tho 
hanaozilcs of t h i s 
F* The Radlof^o^oeacy Volt ISater 
Slaco tho o a ^ n o o i i t a l s tud ios iavolvo ^ o dotomaifiaticii of 
the dopoadonce of tho oilerovavo laodalaticm ladox m tho BF v o l t c ^ 
o x d t i a g tho plaaoEt aeourato neasurois^iit of t h i s p&temt&r m e 
aoeossary* W s naasttromoxtt was dono id th tho hol^ of a P h i l l i p s 
Modol 6009 vaeum tuh& Volt Motor, lihioh vas soas i t ivo opto 50 Mos, 
^ o a tho VfVI'! probes tfora eonaoctod aeross tho eapae l tor p l a t o s , 
i t was found tha t disoharga iras a f foo ted and looroovor sinco tho 
two p l a t e s woro i n a f l o a t i n g s t a t o with rospoct to tho ground» tho 
QoasuromQnto dons t h i s way coaldnot bo t h o u ^ t to be r o U a b l o . 
Tho following tochniqao was adoptod to loako tho ceasaromonts storo 
depondablo, Tho BF s i s a l s from tho two p la tos wore oonnootod to 
tho v o r t i c a l dof loct ion p l a t e s of an osd l loscopo» which had 
known dof loc t ion s ens i t i v i t y* Tho VTVil probo was connectod to 
one o f tho capaci tor p l a to s and the vol t a s t e r roading was thus 
83 
ealihr&tedm TMs vay tim v m eouX4 Ije used t o mamrG tho f i e l d 
Btrengtb i«lth<mt intx«>duol2ig aist t trbances i n t o 
3 . iHsyRimms FOR THE MEAsoaBnEsix (F m s t m p/iHMigTMs 
A, The XiSiifgauif PoubXo grobe 
t o rooAor i t ^ t a b l o for %hQ mBSummnt of th@ eIeotii>it dsnsLty 
aM 0ieet2t>ii t@@|«ratur0 i n an 0Xeetii3d&les8 BF d l s o b a r ^ plasiaa* 
A emmaXy toebi^^uo i i ; to s l c d l i a r probes ii^to 
th0 This doublo systoB i s aXXovad to x i^o&is) i n a 
f l o a t i n g s ta te* Froia the laoaouremoiit of the e u r r o n t - ^ I t o g e 
oba rae tez l s t io of the ptoho^ the oloetron don&it^ bx^ %ots^ @r&tu3t& 
em bo de tonaimd. 
Th0 doublo probQ eons i s t s of two tiingsttm v i r o s eaoh 20 
lails i n diaiaator and sheathod i n ^ a s s , id th t i p s of 1 em oscposed 
t o the piasioa* The sepajration botveon tho probos vas 1 om« the 
probo sjTStom was located halfirojr from tho onds of t h s d i s o h a r ^ 
tubs with tho two probss a l i ^ d i n sueh a way tha t they woro 
eqiuidiotaat fro© tho plasms capaci tor p la tes* Tho diagrso of the 
probe s ^ s t ^ i s ^own i n f i g . 5*6« 
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fh@ tungstdii vires Qinergliig m% of tbo mcuuQ tight ^ass 
seaX were conoedteS t o th& prohe in f t loa t i^g wil ts» which eonsis ted 
of a r a r i a b i e voltag® revorsibl© I n podLaritsri tho w i t 
fflgteir t o a i f f e s s ^ i a l pi^ha aad tlie Biioxoajimgter 
t o Toad thd probe current* llm eontiiHiousljr yar lab lo probe voltags 
wm obtained by cosneetia:: a e n f f i e i e n t maabar of d r f c o i l s ac ross 
a lOK-n- potontioaetor* 
Bossiblo e r r o r s i& t h e pro bo readiag b? ths p i c ^ by 
tha prob© wiros ins ide tho plasim or by tho prob® loads outs ide 
tho dischar£s@ ta le nero reduced i n two waj^. I^en tbo p l a s m 
capac i tor p la toa are not oqoidis tant f r o a th© probo wiroe* r o c t l -
f i c a t i o n of ths BF v o l t a ^ by ttm probes ciay iisipp&n and t h i s 
r o c t i f i o d curront oay ^ppoor i n tho i n ^ c a t i n g uni ts* This i s 
cosToctod by ad jus t ing tbo pos i t i on of tbo tixo coppor p l a t e s u n t i l 
tho probe current i s sero with no iroltago on the probos* Xn t h i s 
posi t ionf i f tho probe oonnoctions aro touched by handy there 
t d l l be no c h a n ^ i n t h e probe readings. To reduce f u r t h e r e r r o r s 
4m t o BF pii&upi condensers of value 0*01 ^ f wore connoctod 
across tho two probe wires^ and tho i r cent re point was grounded* 
Any HF s igna l oollcotod by the probes w i l l Und an easy path t o 
the ground t h r o u ^ this* 
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B* The l%otoan3ttipXl»r AassafeXy 
RC& II* ^ f h o l ^ s n l t l p l i d r mB used t o monitor tbe Itaiolisoas 
intoi is i ty of tho p la sm* f b o plmtoiaaltlpXior «as Jmpt ins ldd a 
es^lindilcai eavitir of bsass « l t h m BOSmtBhle op^nin^ f o r 
md tha was plaoed la&ar plaasa Ho dptieaX 
armn^montB wore fouod moossary s io i^ tho plaasa vos oadreB^ljr 
s 
b n ^ t . fh3 ontor ing th& phototube was rogolatod by varytng 
tho opoBliE^ of tho tiindov* 
t h e ptiototttbe oonDOotiom a M tho ^ o i t a ^ i e^pXy t o var ious 
a i ^ shovs i t t Tho iJC i r o l t a ^ v m sappl iod bjr 
an eloetr ts i ioal l i r r o t a t e d pomw m s ^ l s ocmeotod aoross tho 
po ton t i a l arraa^amoiit shotia i n ths f igure* ?o mBswte the 
a l t o r m t l u g cuxTcttt t h ro i i# tho phototube i d t ^ tbo 11 {^t latozialtsr 
i s f luo tmt i t tgv the a l t o r m t l n g i r o l t a ^ s deiroXopod across a ^aowa 
iB^danee v r s lasasurad by a loir f^Quono^ VTVll, Th? tditdour of 
th» photofsul t lpl ior ttibo eai?lty wae isopt smaXX so tha t tho tube 
opomtod i n the l i n e a r r eg tos of tho photoourront»li£;ht intomaity 
eharaet ez l 6tio» 
4# THE Vhmm SYSTEtl 
The vacwsii aystom oonslots of tho pl&am. tube» the vaetium 
pus^iy the Mo]«eod Qaix@9 f o r laeasunng t h e profimtre« and the 
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l^lioriDoeotaplo ^^sj^ tisad to mpplotmit tho Molitod 
Ttm i»Xaaaa totie i s shoioi iti Fls* Tim tutm 
of I^ ZQX ^ a a o m& hem a Idfigtii &t 30 em and a 4iatsetor of tO esiy 
wlib f l a t enas. I t IPBO ^ p t Ugbtl j r i s plsco fey tfaras ebos l t e 
staadBt a i so supported tli© ple^iaa o o ^ o l t o r * A irotary 
vamssa puc^ uraa u&od t o bxlng tlio proeatire doim to t hs t e^Mf^d 
of the ordar of 100 ja %* thQ tlienaocoapXo i p t t ^ aas a ^ d 
t o iBonitor tiao pre&sitfo wlUlo ^ e ^ v m out* aXthoii^ the 
f i n a l ladamroiiai^ of the ^ proeeuvo met dono nrlth tho Mcilitaod 
Oao^ t wMi^ had asealo d i roo l l ^ ca l ib ra t ed In Morona Hg, 
A l l tho uraemaa eomootioi:^ end atopoools^ t b o i o n s ^ y 
eloaaed and ^ a s o d v i t h Corning ^ l i c o m ^ X ^ r i e o n t , and tiie 
systoQ vas s u f f i c i e n t l y loal&-pxoof« 
THB rgcRomvE fROpAsAfiQi? immmmm 
A, 2g 33 fiefloac Klystron Osc i l l a to r m^ Potgar supply 
Tha 2K 33 r o f l e x klystr<m i a widQly used a s a s o u r ^ of K 
band mlcrotfavs s i gna l s . The tube i s a voloci ty laodulated o a o i U a -
to r with a cavi ty p a r t l y Insidd and p a r t l y outside th© vacuum* 
The coupling batvaen tho cavity and tbo transmission l ina i s 
provided by an i r i s * 
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Model Kl^rstron S l ^ a l Souree proirlded tii@ DC 
i r o X t ^ g t o tho oatliode axid t^ bo refXeetoTt a s imXX a s the 
t i n g voXtagee t o tim rofXootor aod tlio HXain^fil mi^pX^. fho beam 
suppXjf eX^etztmlcaXX^ tQ^l&t&A v o X t a ^ s t o t h e 
^ j r s t f o n eati io^« BxtomaX moduXati^ couXd be appXloa t o the 
ifefXootor t h f o u ^ a separa te leeaptaeXo. 
Pf {^vits itegQgtater 
The o a ^ t y wavec^ter tms^QtB esaentiaXX^ of a stloiovave 
cavi ty vho80 diiaeiisioiis mO. ttBOB the fosonaat llre^ul^ojf eaa be 
fiorlns the froqiteziosr su f f io ie i i t a t t e a u a -
t i o a was iQtrodtteed bstttfeen the M.ystroa ai»l the Xoad« the imve** 
s^ to r has a Xo« Q aad henee e m o t laeasuroiMnts of the fxequezKssy 
itas not posslbXe« 
!][;he Transmittla<t and Baceinliig HoyHB 
A uravegui^ of sultabXe diisenaloas oan ^ v o i l s e to radio* 
tiOB of the eXeetromagoDtic e i i e r ^ i n a part iooXar d i r e c t i o n . This 
requi res a Xar^ ge aper turo with e s c i t a t i o n a t a singXo laoda* whic^ 
i s usuaXX r^ achieved by fXaring the end of the uam&xl^ t o torn 
a wiwe^tide honi«' 
f h e horn serves t o m t ^ the itpi^daxKse of the wsvoguide t o 
the mediiim through v h i ^ microwave energy l a t o be t ransmit ted . ' 
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A etmmal:^ used type irave@aid& hom i s the p^racddal horn wi^nh 
i s a imm flared in both tho planes* This a lar@d QOttth 
n^eescary for ths proper isijiedimoe laatohiiis ana a sqb I I noc^ vMcb 
Bt2ppres808 ttnd@8lr&d siodes* 
fh© paran»tors for ti© home fiabrieated in the 
laboratersf were dravn from Xiteratttre, ' The diaension® of t t e 
hom ar^ ; shovs i& H g . fho radiation pattern eould not be 
sieasured due to the tmavailabiUtir of eizitablo sieasarlno ^v ioes* 
Hoiiewrt tfdth the aocnrato aasei^I^t i t «ras thou^t that the 
radiation pattern iiotild s ^ i s f f t}^ re^isirosients of the pro sent 
ea^ r i c ion t . 
The transialtting and roeeiving horns were emctXy siialXiar 
i n d e s i ^ and oonertrttction. The proper alignstent of the tvo arms 
vm done b^ ad^ustini; their posit ions nnt i l the orj^stal r e c t i f i e r 
showed aaacUmim output. The horns vere chosen for the transmission 
and reception of the laLorotfaire radiations for t)K3ir extrece 
s is ipl ic l ty of construotion and use, 
P. The Crystal Detector Mouqt 
The crystal r e c t i f i e r has the adtrantago of s iap l i c i ty ajd 
sens i t iv i ty i n using i t as a detector of mierovave energy. The 
crystal detector consists of a f ino wife i n contact with a blocic 
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of SfflsdcsimdTicstii^ statexlax usttaXXy ellXcm or g;5yiaftnliBB» Tba 
ttiQg?5t3ii v i r e i 0 pcslatdd aaid broa^^t i n t o contaet u l t h 
eeioloQii^etor* f h e eon tmt axea d^tonaiiiss the i6si8t£me& of 
tbs l»arsiar eontaot m woXX m tlio p&mt baadliag o ^ a e i t y 0f t^ he 
eryata i* Beisaasd the tdn%&ot l a a t i m pointy ttie contaet eapa6l<» 
taiso3 I s sstail eitd tlis r e e t i l i e r eaii ba used oiicroira!r6 f f a^u* 
aitcio8« 7bo eoniact ar@a of tite cx^sta l faaa a M ^ ro8ista&6a i n 
ons dlTOetioa end a res ia tanca i n the o tbor , and tbo cu r rea t 
- ^ o l t a ^ e lmrac te r i s t i ca i a M ^ l y aon^litBai^ nsar ttio o r lg la« aa 
t l iat veet i tLaat ion oeeara whoa aa a l t e n ^ t i o i r vol tage i s appl ied , 
Tho diagram of tho c r s a t a l doteetor laouat i s ahoim i n 
3* pltmger at tho and tbo nount eerves aa a 
loateliing taxtiiiiiatioa and losm bo adjuatod i n poa i t ion b ; tiumiiig 
the Imob a t tba end. 
Tho Biaalay of tba Oetactad l4icKwaya si^gcatla 
Tba aicparletsntai observat ions and laeaaureiaoiita ve ra 
on a Damont ^odal 30l A cathode ray oad l loaoope . I t has a f l a t 
z«a|K»iso tmm DC t o mor 30 Kes* Tho osedlloacopo has 
an a%Utudo c a l i b r a t i n g sjr@tasi» which persd ta tho laaaaaromont of 
thd aii|>litudd of th9 dispXasrod s l ^ m l directl:^ from the aoroon i n 
v o l t a . 
BBFBB^^ES 
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mmm tm fmimnjmm tm mMw 
im Xs l t^^e t io ik 
% thiQ nmmmtmimt 0S m&al^tm mxmitjt mA 
f t wMemtUpH^w l ^ a s f u r a s ^ tim 
and the UatsfiBiimtimi <tf eoUis io i t 
ftm^atmu 
AisiOit i^ eoAeilfttim 
a i t m s e « » 
7S 
. inTRomicfion 
In t h i s tho vortms estperloonto porforcpi to 8tu<l2r 
tite p r o p a c a t l o n of Qloctrooa^nsfeic waime tferoa^ a poriONSiccslly 
v a r y i a s tfeo l o s u l t s of tfeooo osporima^o tiro 
iloBoiiboS. Slued Ilia o a ^ z l m n t e ofo oaiaX^ emmvm^ u l t ^ tbe 
voritlcattm of febo prodLotlona of tho tlisorjr ^ s c H b o f i l a 
Cteptor I I , %tm eoi3^D3?lBon of tMo osponcoatcil, ofeSQiratioao «i t l i 
tho tk)oii3tieQX oQl(»iIatlofw meosoit££to<l tho dotorolmtloi i of 
COE33 co«of f i ^o i i t c liJto (dno/dSte) o m <dv/dSe) Qoplilcsali^^ f o r 
a rat l&r ^ to lXod ia^rooti^atlcm of t&o csitual dopoadbaee 
oi thaoo had t o bo pr ior to tho act t ial 
o s q ^ n o m t o l stuSj^ of tiio l i i^roT^o profpacjsktlim ebaroetor lot les* 
The roottl ts of ^ o s o oDacwraiaoato aro ^oaeribod l a tho f i r s t par t 
of tbo ctiaptor^ Tha propagiaUoa oa^r i iaoato bt© e t r o l ^ t - f o r t m r d y 
siaco m aro p r loa r l i y l a t e ros tod l a a eos^mrlsoa of tho ^pondoaoe 
of ttie Qlcro^c3yo aodaXatloa on tbo imrloas paraaotoro doflolng a 
tlQe«4opoa^Qt EF d l s c l m r ^ pXasmt aa prodlcta4 by tbo thooi^y v l t h 
tha t obsonrod osponoaatoXljr* ^ a r l a t l o a of thoao pattyaotoro 
had to bo Isopt «rlthla co r ta la H o l t o a r a a ^ a ^ o to tho r o s t r l o t l o a s 
loposod bjr Qnfavoiimblo oa^orlotoatal coa l i t ions . Thoao oapanraonta 
anS tho l r r o s a l t s oro dtescrlboa i n the l a t t e r port of tl© dioptor* 
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2 . gHS BXPERXIlEgyAL gROCEDPRE 
f o an idaa of tiB varloue t^olmiqiues of lasasureiadntst 
I t my be vortbwhilbo to talso a s top by s top tour of m ac tua l 
o^sporiixjiit* 
tbo a i r i@ pusipod out of tho d l a c b a r ^ tubo t o tiie roquirod 
pressufo and tho prossuro i s aocuratoly mmarQ& by tho Cloliood 
tlio. tsicrot^avo pmar supply i s turned oq and tho Iclystron 
i s turad tint 11 the do a i red inloro&ave freqii^ney i s obtcd£i@d oM tho 
ssodulation pa t t e rn i s m m on t ! ^ o s d l l l o s ^ p o « Af te r fmff ie le i i t 
time f o r tbo klyati^is t o ^ot s t a b i l i s e d (about t 5 iiilnutos) the 
ac^Xitudo of i!:^ £3iero»aire output i s iiioaeured froia tho oa l ib ra ted 
sereen of tho osedlloeoope* 
Tho radiofroqueocy o s c i l l a t o r i s c ^ t o h e d m aod the DC 
i r o l t a ^ to tho p la toe of the o s c i l l a t o r i s increased u n t i l a 
d i s i ^ a r ^ of s u f f i c i e n t i n t e n s i t y i s obtained i n ^ e discharge 
tube* The BF v o l t a ^ between the copper p l a t e s between which the 
p l a s m tube i s ^ p t » i s se t a t the des i red value with t h e help of 
the hig^ frequency The o s c i l l a t o r tank c i r c u i t i s tuned and 
with the help of the hoterodyxis frequency crater, tho frequency of 
the radiofroqttency o s c i l l a t o r i s se t a t 2 .5 JIcs. 
The tuner i n the c r y s t a l de tec tor i s ad jus ted again u n t i l 
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th& sdcrcimw ^ s p l e ^ c d on tim osdXloaeope s&ove a 
mssitmB md tiso an^l i tnda of t h io i s oeasurod, f h i o tdXl 
bo ttum tlio f i r o t om bo^auco of tbo atioaizatioay m6L from 
tboeo mmvep^mt^B of tho aicro&aw ^ithotib tlis 
piasoa^ %hQ sO^sor^tion eo«offlcioii% of tito plmm fo r tbo propa^ja* 
tloQ QloTO^iro e l o ^ s m& bonoo tho eol l i s icm ftoquono^r ooa bo 
oap]^!^ from th© liatt^rir i e coon^aetoS t o tlie 
htm^mkit double pTObea and tho TOlfea^D-oiirrQiit ohorae to r i s t lo of 
tb0 |>r€iboo i s obtadiBd. TMo i s done i n tbo r o o ^ - 25 ? t o SS 
V idtbiQ tiiiieli tho pmbo carront saturatod* Froo thlB 
e t iaraotor is t ic* ©XootroQ doo^tj^ ood tbo oXoctron t o c ^ r a t u r o 
ar© dstonaliiod. Tlios® laaasursasnts aro ropoatod f o r d l f f o r s n t 
valQoa of t i ^ HP voXtago eacedtii]^ tho p l a s m , 
Th3 RT cArrior i e nov a s ^ i t u d a nodulatod ^ t b tbo aii<&o«> 
freqiioaoy and the taoduXation iadoz i e c a r o f ^ l j r @et a t tho dssirod 
vaXuo with tb® holp of tbo soduXation BGtor, Tho cdcrowavo oodala-
tioni pa t t e rn i s obaar^ed oa tho n^oiXXosoopo aad tbe modaXAtion 
i i idas i s csasurod dlroetXy froQ tbe caXibrated soraoiit b? maasuring 
tho maalraia end oiniirsam of tbo laodaXetioa pattern* 
fba voXta^) ouppXy t o t b s photosnlt ipXior i s switohod on and 
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the o i r r en t t h r o n g tho p l i o t o m l t i p l l a r i@ ciaastzr@d a t i ronous 
values of tbo o x c i t i t ^ BP v o l t a ^ . t M a l t o r m t i n g carreot i n the 
oaso« viBn thQ BF ea rz l a r i s n io^ia ted I0 osa&urea with thQ tiolp of 
a low froqueno^ Thsso raoQearonsats ar® fepoated ofe va t lous 
laodalatliig 
Th© HF e o n d u o t i ^ t ? of the ii^lasm i s mtm3atQ& hjr mBmrkw^ 
tho imxla t io i of tli3 fife^iioziotf of tho oaeillatoi* laith cmd ^ t h o u t 
tho plctsm. HhQ aoaajronsat of the alcTOyEEVo Kodalotioii md 
Trorloas ©tbcsr exponcei i ts ai® f^epoatod a t dLfl^ront valuos of tho 
BE oxcitlQQ voltagof tho dopth of e a r r i e r iZK^dulatioa, s^dialatioa 
fitsQUQacjr aad tho gas prosatiro. 
t a g mSUBEtmnf OP SMlCtl^n DEiISITY APB IXECgROTI YgtPm^eURE 
A. tho WnrmxlT Soablo gfobe Yeohnlttiae 
fho s l s ^ lo probo doseribod bjr i m ^ m l t and nott-Soith^ issm 
amsf drambaeksp the lualor oao boiw; tha t tho probe» by drcwing a 
lar@3 f r a e t i o n of tho dicohargo cur ron t t dlstoipbs the plasiaa and 
tho accuracy of tho laaasuroc&nts of tho placma paramietors l ike tho 
oloctroii doaolty and ol^ct roa toiaporataro i s c^s ido rob l j r affooted* 
Also i n diacharcsoo l i t o tho oiloetrodoloso radtoJ^^uonoy discharga® 
whsio tfssro ara ao I n t o m a l olootrodas to ac t a s roforonco o l o c t -
rodoof tho oi i i^o probo i s aliaost uaoloss . 
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2 For 1230 i n Qudi d i sd ia r i^sy fioifiBan and hmQ A s c r i b e d 
a Somblo probo teehi3i<|ac3 trM^els f i r s t t o tho m^a^iOB^ 
t i c s of tlio iofioopharie plaeiaa, fl2o ostbod of i i t t d rp ro t a t i on of the 
r eeu l t o wbb l a t e r oodifiod by ^ohamn m d laaltor"^ ofid b^ Eoj im oiid 
f a t o y o m ^ aad tho aoopQ of t h o l r nm tias ^ d o m d . Tfeo dou&lo probo 
toolmi<po Iio0 tho foXXiftiing o m r tSist eiisol^ prolK> mthodi 
( i > Tbo probo oloetrodsG liaifo no olootriccO. «»fflioctiosao tho 
dlaotor^p eloetrodou cmd aro i o a f l o a t i a s s t a t e i a s i d o tho 
?i3lo i& spooiGlly taaof^l i n SF d icebarfpo o i t ^ no i a t o r n o l o l o o t -
rodss . ( i i ) ^ o proboc drcx? oaly w r y sssail carront (of tbo ordor 
of Q fotai oicroarjporoG) so tisat tho diochorip i c oosiaidoroM^ looo 
diQttirbcd tliaii i a tlio ooae of sitiglo proboo. 
Tbo f o l l o ^ & 0 iB G b r i e f fotriotj of tho toehniqiio of i a t o r p r o -
t a t i o n of tho curr0Eit-»volta0} obarao tor iBt ic of tbo dotablo probe 
f o r tlio do tora ina t ioa of tbo o loc t ron tGii^ratuir© ood olootron 
deaoitj? OS {^voa by Jobneoa and n a l t o n 
Tbo theory of tbo donblo probo i s luasod on tlno Boltsooxm 
roXatioa oad t ^ pbonoxiK^aoii of i on eboatb f o r m t i o n around tho 
probe %drDo« I t clao e^pl ioo tbo ^ i robo f f c i r c u i t law t o tbo beiaic 
probo c i r c u i t s b o ^ i n f i g * 4*1 • nt^t ourront i n tbo c i r c u i t 
dso t o oXoctrona and pos i t i ve iano sboaXd bo oqtmX t o eoro. Tbue 
I t can be Blmm tha t s 
_ _ V^  -t- Ui 6-
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3 
( t - o - ( 4 - t ) 
o Q/hS^t o £0 tho oloctroia k tho BoXtsoaim ecmstont 
a M tfe© Qloctron tomporotum, V^ doaoteo feho dlff^ZBafeiel v o l t -
bottfoon tiie ti^o Tho r i s Safiosd a s o 
(A^ i^ter© ea i Ag aro tbo 
ioiisa a reas of tlso two and aro tfea rospoctiv® 
eurroiJt denaitioG cmS tbo po toa t io l to t o tijo eiaaXl d i f fo roo* 
COS i n tl!o pXcam potoat i^a ^ e b o a j o s i s t i n surrooia^U 
tOQ tho tifo probooy p lus tlX) totoX cimtaet p o t o n t i a l s . 
Utme a p lo t bott^ooa La ( i^f - 1 ) a M ahonia jiioia a 
s t r o i ch t l i m t^oso slops i s a moosuro of tbo olootroii tonpomturo . 
ilssuaing t h a t tba pos i t ivo i on toopoi^ttapo 4o Umm ( i t i© 
8li#}tl3r M ^ o r t t ^ tho 018 t o s ^ r a t u r e ) , the p o s l t i ^ ion miiabor 
dsn^ t i r can be shown to b© ( ^ w n b?the» ro l a t i on t 
N, = r^  ^ ^^^ (4 .2) 
vhsra A^ i s th© shoatfe a r ea , tho m s s of tho ion aofl thss 
pos i t ive ion tempo mttircsf i@ tho sa tu ra t ion ion ear rent id lire* 
sontod b^ tho point i n tho d i a r a c t o r i s t i o whoro tho sa tu ra t ion 
rogion begins. Thust t o }smv tho pos i t ive icm dens i t y , i t i s 

102 
i»3Cossary t o kacM tho sboatb aroa^ uhich <30terialiiod I n th& 
folXoidag 
Tim plmm potoatlsiX i s ea leula tod fr&iz tUo r e l a t i on t 
^^  = 
ualog ^ e h a eorroct ion fcietor |2> can bo ealosXatoS t r m the 
rolGUoat 
^ • {'J 
TbQ aapoQdssco of (ao/m) m ^^ bao baon ^i^voa by Loassauir? Tims 
by caXculGfcloo fxoD (4*4) oa^ Imo^inc; ttsa pfobo rafliuo a^  | th© 
a l^a th a aad tiOQo® tbo f^ea tb extia A. c m bo eaXcalatod s ® 
(Ag « ^TTo l^ J i i s febo probe SiibaUttitiao tM® 
i n t o (4«2>t tba positiir© iozi dxHisity ( v h l ^ , i n a p l m m , i s equa}. 
t o the oieetron dsnai ty) can b& calculated* 
Ae an i l l o s t r a t i c n of tbo todmiQjad o f us4ng the Lan^osiir 
double probQ ebaxtuotexictic f o r tho dotersiinat ion of tbe oloctron 
t©@porattiro and o l o c t r m donolt^ft i lg* abmB a typ ica l probo 
c t ia rac tor ia t ic taloan a t a prosfstiio of 140 |a llg a t an RF v o l t a ^ of 
250 Tha graph b o t ^ o n end I n ( U f - i ) i s ijiiron i n i l g , 4 . 3 . 
Bloctron tedporattiTdO m r e detoziiiinod by ti^o other laethods 
Fi^. \ 5 
yhe ^raph iefiiteem l/cf arxi (J^^-i) ctt a pressure 
^ ^ yo/ia^e Z50I/. 
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aleof naoalyy tho dfiuliraleat ros is tance sstbod of ^otmBm end 
and ttid mthoQ, Yamooto aiid Qlmdaf th^ 
l a t t e r t e k m i a t o a c c o s t the slopd of tho sa tu ra t ion cu rma t 
re0.mm Tlie o i o o t i m t ^ p o r a t u r o e o^ouXatod f o r tii0 p l a s m 
oxit^teS by BF vo l ta^ss mm^na itom 180 V to 300 ? f o r a prosom*© 
of 200 m ^^^ tforeo cstliode aro i n tiio tabXo boloiri 
yABi^ I 
f oalcalatod by throe t o o ^ ^ o o s of aaalys i i i s 
^ ths XsQgs^r Brobo d a t a . M a c b a r ^ a t a 
prosstiro of 200 p lig* 
^ i r o l t a ^ 
j^ootron Toi^oraturo 
Mathod I XI l^ thod IXI 
1 8 0 64960® S 57443* E 28593^ K 
ZOO 6 9 0 2 0 586fr6 56877 
Z20 t3oeo 6 3 0 3 7 4 3 ^ 3 
2 4 0 7 8 3 0 0 65221 152783 
2 6 0 8 4 1 0 0 6 8 4 2 0 214271 
2 8 0 8 8 7 4 0 7 3 4 9 8 3 4 0 0 5 2 
3 0 0 9 5 9 6 0 87Cr?4 «•> 
^Idtbod If Lo^^^tbsdo tlotliod of Joimson and Hal te r 
Hetbod ZIt Bqiiiiralattt ^ s i s t a n c o tlothod of Johnson and n&ltor 
Hot tod Z l l t Method SQg||3»ated by TaiBai]K»to Olcuda 
Bependertce of the Electyon TempeYature on the 
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B. fba Eosiafes of tfeo ElQctmn Sansity ana fetaperatura f.easugeateata 
ttm maasur^oants of ^Xootros QmuXt^ oM. tomperaturo vs re 
{Bade t o ^%9rmSm o m ^ s i o a l l ; , tlio x^XationeMp between 
and t o calcttlato tli© c o @ t t t ^ m t ( M ^ d f ^ ) ^ o b »ao to feo used i n 
o ^ p a t a t i o n of tiB oiorooavo oedulaticm e o o f l l o i m t s a t Torious 
HF v o l t a ^ B oad f rosnarss* Honoo ttejso cBasuiromato m m eadrried 
out a t d i f fore i i t esceitiiig v o l t a ^ s ^ ^ prasouroe the 
rostiltB of tboQo EKscsoTODsnts aro gMQEisj^^d telo&s 
i ) TbD DspeBdstto© of and H on the E^Bitiag HF V o l t a ^ f 
4.4 ffliiOtfS tlio dopeadam;© of on tii© SP V0l%am ma^t^ o 
i n g t l ^ p l a s m a t imrioua gns proissoiies. v m oalouJlatod b^ f tiio o 
Lo^QXltiisiie Q^thod* ^ s ^ t i n o i r o l t a ^ e var lod fioQ 180 V t o 
300 V« At Xovor f l o l d stroaothof the ea tu ra t ion Ion region sbovs 
veri^ iex*^ oXopos. TMSt m ^ I X m tbe f a c t t h a t ttKs t r a n s i t i o n 
from r a ^ o n of oXeotron oiirront t o tha t of i o n otarrent was Xess 
pronouncsody mdd tlio doterninaticm of the s a tu ra t i on ion ottrront 
sisfseeptibXd to X a r ^ r o r r o r a . 
i s a pXot of tho oXeetron dona i t i e s oaXouXated f r o a 
tha probe oha rac to r i s t i e s a t ^ ^ i c u s oxs i t i ng fioXds agpinat the 
rospectivo BF voXta^s* To underotaad tho reSatiosiship botiroen the 
eXeetrtm temperature and ths eorrospondlng oXeotron density» and t o 
yhe Dependence <4 fieci-ron Demit^ on tin, ^F y^lta^ 
£x^citij7g fffc P/asnra a t i/arioi/s Pressures. 
13xlol 
220 






f o d U t a t © tho ealea la t io i i of t&o ©oeffloioat the 
ourtms i n E l ^ 4 .6 safo plofcfcod wltb the valu®a of f ^ and E a t 
e&eih aF v o l t o ^ taken t r o a f i g . 4*4 mifi 4*5 respoet ivoly , Tlie 
i r a l ^ s of oaIetilat@u t i l l s tia^ a t e x e l t i z ^ vo3ltaga@ of 
220t 250 QQS 280 V aro summrlaed i n TalbXe ZZ* 
l i ) TIiq ?ajriati<ai of easd wttb tfae Oa® P r o s s t a ^ t -
Sineo tlid mm\iTomn% of %im si&ero^are oodu la t im iforo 
ear r iod oat a t d l f fo ron t pxioaooros, (tb® o loc t roa c o l U s l o a 
fro<suoii0y |}0iQ0 proportlooaZ t o tho ^as prosaiiro)t the detonaliiao 
t i o a of ttKj ©loctroa aafi tooporataro mvo repeatod a t a 
tmnbar of -pr^smmQ f^om 60 ja lig t o 269 jQ Both t l i o 
eZoetfon doosi t f and tb@ oXcctiroa toaporatoro ^ r s found to 
daofoaao ndth tb@ iaex^aso i n tbo ^ 
!Oie va r ia t ion of the of tho o s e i t i n ^ EF v o l t a i c 
did not s^ow any o f f e o t on probe saaaauromanto i n the r a i ^ 1 
t o 3 Hos. The tuning i n tho tank c i r c u i t « hovavort roaul tod i n 
ohaaisds i n tho RF volta@9» Tiiia v o l t a ^ a s i!ieaatir0d by ths VTV^f had 
t o bo oorreoted by O h a t i ^ g tho ix; povor iaput i n t o th9 o s c i l l a t o r * 
A poaeiblo source of e r r o r i n tho probe iQeasureoent of tho 
oXectron density and temperature i s tha EF piolc by the probe 
i n s ide the pXasoa or by tho probe leads outside tho pl^ iTAo^  . if (ue. 
h Q 
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t m prolkds a r e a t d l f f e r o a t li®3.d&t shour a r e c t i f i c a -
tl<m p r o ^ r t y * f l t la was nlxiiiaistii % l^eplitg t!i0 probes i n ttm 
ttsatral posi t ioE and Djsr cotmsetiDg capaoi tore of propor 
traXua t o the probo ulit^e aiiS by ^msAiMQ %hm t o p r o T i ^ m e m ^ 
path f o r any BF ei^crnXs ooXXeeted by tlie protid@« 
4, THE tmAsmmimr or the bf conwcnvjft of mp. Fusm 
Til© Aaalgais of t t e PXagcm Caiaacltor oo a Ot rcn i t Klaasat 
Sho tanlE etsroialt of ttm BF ^n&tator osa coasidaroa t o 
bo f&|)ros@isto4 by a liCB drcps l t f ^ t b t t e placaa proooat in tho 
disofaar^ tubo« slaeo* t b e pX&soa eapaei tor oaa %h&n bo t h o u ^ t of 
a s a l o a ^ tli^ ^oriotm p a r a i ^ t o r s of tbo tank 
d r e u i t be d o f i m d a s fo l iovs t (seo 4»7) 
L tiiB i&duotaaoe of tho tank d r o u i t o o i l 
tho iiiQin taa^ c i r c u i t oapadtaiioo 
Cp tha capacitanco of t l ^ pXassta capac i tor 
B tbo rosLstaace dao t o tbo d iscbar i^ i a tho tube 
6- tbo conduct ivi ty of the plasma fo r tho fro<;tuazicy 
= ^ s i m o W\V 
e tho d i e l e c t r i c por ia i t t iv i ty of tho plasma a t the 
frequency » 1 
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tbo frequeno^ of tb© o s c i l l a t o r niith the p l a a m 
* oapadltor dtiscoiiiiaotod 
tp tr&Queno^ xfith the piasoa eopaoi tor p r s s e a t t tmt 
fiithout til© 
tiio tmquQmy with tiss d l o c i m r ^ p resen t , 
fhoee frsQuoaoios otm bo ^ t t e a i n tQVm ot ^ e ^ffoTQnt 
d r e o i t ©looentB not^ 
(Airf) = ' /LCr (4 .5) 
. ^ ' I L (Ct + C^ 
(4,6) 
^ ^ T T ^ ^ ^ i ) ' tHR-Cc.-.^^^)" (4.7) 
Si 000 tiJo ^ o l o o t r i o p o r o t t t i v i t y aasoced t o bo not d i f f o r e n t 
from tmltjrt (4*7) oan bo iirittozi as t 
• rfc.Vc^ - T^cZ.c.r 
liOt A bo tho axoa of tho plaooa capaci tor pXatea* aod & the 
dis taaeo betveon tbs pXatoe* TIio eapaoitaneo Cp anS tlie rosis tanoo 
H can be t f r i t t e a ast 
c^ . AKira (4.9) 
5? . (4.10) 
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Subst i tu t ing thoee I n C4*S) end solving the @(|ttatioa with 
th& holp of (4•5) C4«6)t i t can he ea i^ l^ ©hOMi t h a t t 
i ^^^-Csf - (4.11) 
tims^ lifSr masar ix^ tSm t m m Q m ^ of %tiQ W osoiXlatOTy t d t h 
eaS without tho plasma i n tho d t i s t ^ a r ^ tuhe* tho BF eondit^stivitjf 
a t vaxious oon he doteriiinod* An asatuziptim which m ^ ho 
opon t o Question i s tha ono vherohy d i e l o e t r i o p o r o i t t i v i t y 
i s pQt to b3 o^uaX to tiz^ty* I t should tm rotmitQT&d tha t the 
eoiiiSiietiii>it7 i o oadi ooro offoct i i ro i n tho o s o i l l a t c ? 
t m q m m y than th© d i e l o e t r i o p o n a i t t i ' ^ t y t t o t h e m v ^ X a t ^ 
valtiQ tbs eo l i i sKm froqjienoy. 
B* yha noaswrQBQnt of cr hay tho BroQaoitoy S h i f t ttethod 
Tho os^oriiiaental laethM i s a s f o l i o i f S f U r o t t tim p l a s m 
eapaoi tor i s disoonnootod from xBain tfsn^ d r c a i t md tho 
froquonoy of tho o s c i l l a t o r i s ooasux^d by ttes h o t o r o d ^ frotuoney 
taator, 7ho trswrny wm aceuratoly stoaeured by mmvuAng a niamhor 
of harmonice m<& loakln^i a v e r a ^ of tho d i f fe ronco hottsroon the 
stiecosalvo harioosiest a f t e r noeoatiary cor rec t ions i n tha r e a d i n g 
by c l ick ing each roading v i t h tho c rys t a l o s c i l l a t o r freqt»ncy* 
Since the plasioa vaa o.»3ited at a nambor of BF
92 
8 0 ^ e r ro r i o ttm r e a ^ g wouX^ bo introducoA^ i f tiie 
tt^timms^ t^ i s depenSeat tqo^ the ^ n t o vo l ta^s a t oselULa* 
tor* f o gtiard a^oinst IblSf tlio froqiusney t^ v m m m a m d a t a 
mssSior of p la to voXto^a t d t M o t i l l s raugo m d i t was imOe c e r t a i n 
t b a t tii@r& no mlatim b^tmm t l m * 
Af t e r iB mmuroA aecuratdX^t ttie plmm, c a p a ^ t o r i s 
cofH^etdd t o mEdo tank c i r c u i t the UroijueQc; ^^ ^ ^ 
c<s3lil»ationt i f i thcr absence of th^ pXasmt i s meaotired. ftie 
a l ^ ^ c e of ^ pXesm i s mmro^Si b? ^ e p i n o the pzossuro of t i ^ (ps 
ixu^ae t t e ^Qchar i s tube safflcidistXsr tdg^s. FissaXXy the ^ i s 
i m s ^ d oiit of tli@ tube tintlX ^im letuiredl preesi^o i s readied eM 
tli0 plamm m e excited* tlxi fre^taenes^ f ^ iiitli t ^ pXasca present 
i n the d i sd ia ra s tube i s f ^asu rod t tho ooastireiaeata b e l i ^ repeated 
a t Torious OF v o x t a ^ s and p ressu res . 
As the d i sd ia r^ ) i s ex is ted by M ^ r end BF troXta^St 
the pXasma becoiads th icker and th icker and the conductivi ty c o r r -
espondingly increasosy which ras^Xts i n a Xottering of the frequency 
t y Tbia decrease of the freqfaency a s the voXta^ inc reases i s a 
proof ^ Q t the e f f e c t of v a r i a t i o n of BP conductivitir i s each m ^ e 
pronounced than th@ e f f e c t s dtie to changes i n the ^ e l e c t r i c 
p e r s i t t i i d t y * on tho v a r i a t i o n of the frequency. 
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C» fiesttlts of Rg CmSacttvits l^aBoyaEgnts 
She r o e a l t s of a tj^pie&i SF tDSEsaxBSonl 
uain^ tim obmo t e e ^ ^ n e t a W a t & d belowi 
^ ^ r o ^ l t a of a t^^eteal. {^ F ecmdoetlvity 
mmwtomnt a t a pm&mm of 160 ja Hg 
BP \ / f | - Ho® i a em 
2.3043 0.3424 
6 
13.6 K 10 
170 2.S033 0.3496 13.9 
i90 0.3567 14*1 
210 §•5021 14.3 
230 a*5020 0.3588 14.45 
S50 2,5010 0.3657 14.70 
270 a*4993 0.3772 14.9 
280 2.4986 0.3318 15.22 
Bose of Iho r o s u l t s of tlia wasuremDst of BF o o n ^ t i i r i t s ^ 
a fo elowQ ^pMooXl i r i n H g , 4*8* Tho c&MuctXvity l& mm to 
imroeme \Ath tho tmrmm of th® ose^ t ing f io ld^ fl)l@ mt 
o M o u s frois th@ espraosioiifor ttia HF oooiuetl i r l ty ^zioe bolh 
md y inermm «Uh the tmrmm of tlio f i o M . I t oaa a l ^ tm 
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seen tha« the Xnesreom I n the ^ prassnre prodae&s a olo^ ^mme 
i n tlid a t H e l d tlm of 
m U l ^ m t tB^nmc^ ca lea l a t e^ t r o a eoimlisetiiiTlts^ a t e a ^ 8F 
by a i b s t i t u t l B n f o r tisi ^ l e o t r m dexiaity (dotonsdnoa from 
ptotm mGmromatB}^ sm Moh^r tbiOii tlie corrdspm^ 
i n g valu3s coloili^Qd f ^ s tiso a tooppt iea Doaoxa^osaaato ©f th© 
£Si2io@ tlio tQGfmiq.m l a mt euitobXd fo r thm m^viso** 
mtk% of m p l d l y fl tzotuatin^ el^srtroa doQSlty oXcotron 
torof QQless irory coq^lioatod eloeti^mlo t0eli!£l<|Qos aro lasedp i t 
iras t l s m ^ t t h a t tho ineaaujiQia^nt of ^ o f l u o t u a t t a s lisialxioas 
i n t ^ s a l t ^ of tlie p l a s m niglit ^ r o m m of tlia aat i i rs of tbo 
v&n&Mm of tlioao paraaa tors , f b e pittotoiaaltiplior Has tbo 
ftAraataa^ of Havliig a f a s t rsspoDso t o t h e "rartistiaaB oC tbe 
i t t toas i ty t o tilileli i t i s oacposed* 
f h e I F 28 ptiotoiauitiplior tubo Isapt iitsid@ a mata l l l e 
o&tity v i t h a winOo^ feo io^ t l ^ Ho ointioal eystoia 
fotsul m m m a r ^ to proeoBs tbo li#a!t f a l l i n g on tli© phoAiomtho^^ 
ainco mm without any m^ arraogos&nt* tlio 6iirx«nt output was 
IdOXiA 
yhe IP2S Fhotomaitipher Curreyii CD.C) as a 
f u n c t i o n of the RF l / o / t a n £ j c c i i i n ^ the 
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8 a f f i o i 0 a t to m ^ s and m m m t m mBmax&mwA^ 
hltima^ m QttentitaUiro Astlsifato of o i ^ o r tiss e l y t r o n 
dmisitir tst ism bo fmm t h s pitotoiim2Up]l®f> 
^QdiQs &f U c ! ^ inloiiQitSf ^t m a e t i ^ pImm 
t tB «iel%a.ticai p m a s s i s s t i l l rQBpsnse of ttm 
m i ^ I b ^o an 8F v o l t a ^ m a he 
a ^ l m t e d W ^^^ mmvtgomnt &f tho por ioaio v a r l a t i o a of t t o 
it^tons&i^. ffe© t i ^ c a l respomso of t!bo j^ofeosffidtlpllsr (In 
of tk? mrwm% output m mci& a iileroaiaQotor) t o a p l a a m 
essolted HF iroXtagiae of constant a m ^ l l t u ^ i a ilioim i n 
4*9 a t a pmmwtQ of p 'iim mmmtomnts ^ 
vailouB T^m&m'mB eoald not be eor ro la tod t o tlio irorlat ion of 
oi t l ier ttie ol^otvon a;oin@lt^  o r tha ^Xootrcn %mp9mtum witli 
^ m a m m * f o r mwasi^ XQ^ pl^otoourrent elvvod piroportional 
inex^aae witli ttm i m f o a c e i n a t tho sase ^ s c i t i a g f i o l d 
«tf«Bgl!iy uidLla both tSia ^Xeotfon dlonsitjr ^ ^ to s^ fn tnzB* 
aeasnred prob96» ahoved a 
Tbe mmptmm of tlia ptmm t o m es^Utiade mo^aJj^tea eF 
v^oitaga a t vor ic^e sioAuXatine f M u o n e t d s and 
ioA by seaaiiring tba {iXtaxseting oos^n^n t of t t e pbotoonrvent a s a 
fttnetio:! of IsSsb froqnonoir* fM® currant was ooasared bar laoasiiring 
lO m 
in <N <N 
5 
in m < 
o 
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tfa0 mXtox'mti.n& voltB^B ^veiopodl across a loir i s ^ d a a e s Xo&d of 
tsmm coiimetsa i o t ! ^ p imtosaa t ip l i e r c i r c u i t (sdo 
ualc® tt low f m u s n e y W M . 
fiiD o f the e i t o r z^Msg eam^mmt o f tliD p M t o -
<sitxT@iQ$ a t va f ious fimQu&iieio® of Eioil2latl<m mB per fos i^d 
pr336iir@@ asS i t o r e s a x t s a r s sboss In i l g . f b o 
imsttUs of an 03i^slQDtit ^ r f s m ^ a o t & ptemmm of 90 p % a t tiro 
yfolt&m^ V sood 500 ¥ ) avo ^lown a e a t m t o t i m of tbo 
fmusnos* i a 4*11* &U tiig fsi»ir a rapid 
decrea® i a ttoa iKirj? f s r e ^ ^ ^ y rogiisi , i^of tsaf tor stoaSir 
o f f . ft io Qodnlaticm of the? ocuriior o ^ ^ t l a g t lB ptmm im 
30 per cMil l a aXi tlioso oaaos^ 
t t » absorpt ion of mtovrnfm® s i ^ i a l a paaeing t b r o u ^ a 
plAsm i s t)^ thd «IeotirotMi»lootiX» oolUolcm ttmnrnway 
and tfao alGOtroi tasity tlio plasiaa* fliiia w m m r i n s ^ ^ 
abeorptifHi eo«ffi<iiest a t sn^f tTQ<kvmm^ &a& m injSoptmae&t 
dotormlmtian of %lm elootroti tlio oXootroaHaoXe^^ale 
eollLiidlOKt fre^uooe^ i aa ldo tlio plasma oais bo oaXctOated. 
CGOBi^aratile f l t^ t t ta t i tHi of ^ r o m i l t s vaa observed i s 
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ttmm memxt&mntBt M.eh mc9ml%at&d & l a r i p tiiimljor of ohmfim^ 
t t o m to ol»teiii a jpsliaible i&fo imt io i i Qt t tB coll i .sloii tT9<s^ms 
aiiS I t s dopoftAsooe on ^ oieeitiitg BF tim f i o l d in t sns l t j ? 
of %%& s d o r o i ^ o s a g m l a f t e r passing t t e f o r a 
dietaxioo of d OS i s ( ^ v m byt 
E^ the i n i t i a l f i o l d ia toxis i t^ bdfoto i^asaiag t t o u ^ tlie 
p i a s m t and << tbe at tazmatioa c o e f i l c l o s t i^voa tfeo r o l a t l o n t ^ 
<< = ^ C S l ) ^ ( 4 . 1 3 ) 2c V w y 
vtioro 14 13 th0 plmem tmiimmp 0ivm Wt 
C 4 . 1 4 ) 
and o l e ttm w l o d t s r of H ^ t i n vaeunii 10 l@ tim mgalur i^qwm* 
07 of tli» pfopa@atlag algiial* mamiing t l ^ o r a^ t a l output 
o i tho r i n m tallllaiBiaster o r <hi osoHloaoapo mid msiag tho 
ro la t lo t t t 
<< asid tioiioo t l ^ eoXUsioxi ff^^tiorwj^ of tbs p l a s m a t 
p a r t l c a l a r piBOsuro or BF iroXt£i^ oan be dotonsLxiod, 
fhQ ooIUfilcm froQueaoloe loaasufod i n t l i la va^ aio s&own i n 
10 
" f t ^ ^ / Z 
CoiHswn freqaerjci^ Piottccf against fhe Gas 
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f i g * 4*12 aaa m a ftanctloa of Has gas x^Bsuvie a t ttpo 
8F imlta^s dSGSltias t^Q p3jasi8a« Tim sdefovave fs^tuttiid^ in botb 
cases mm a2»27 Cos aM tbe BF iroXta^s imre 
2$0 \r end 500 Xtiere i s omei^iairai^i^ s e o t t a r of the a s 
e ^ be nb^firtad f r o a figoroSf a l t h o a ^ ^i&itiX tir^nd ^oiim 
a imsTtnoao iritli tba 
flio oollifi£laii ft&qmnc^r detoirdjacS ae a l ^ n c t l m of tbe 
BF i^olta^s pXmm mA f ^ m leeti ite am tibmm i n 
4*14. ftm piM&m frQq.mm^ wm Setarssinsd twm tbo prohe 
mmvmtsut of the ^ o o t r o n daasitjr* f i g* Urn ^ipmm 
Seac& of tli0 eo i l i a l tm tmqmm^ m tha olootron toinperature* Meh 
ifds dfitarminod from t l ^ prolse e l ia jmctoi le t ios . ^praphs mre 
umd t o tbo o i s ^ f i o o l coef i ie io i i t of tho 
Qoasurea vaiues of t ^ c l i ojre ^ v o n i n tbo tal>Ie ZI a t Toriotis BF 
i r o l t a ^ s . 
t . yan riLViiiiiisiMig og v^mmmB. Ai^j '^^ tfuDE mmip^nm 
Tim a^aauroa^nta o u t l i m a m t i l now waxv a i l coaoermd wltb 
t!io paraaotors of the plasma i n t t o ease of plasaaA exoitod hy 
m&Hotr^qmmy f i o l ^ not amplittjdo oo&ilatod, fbe so 




Dependence of the CoHision Fre<^uenc^ on ihe 
RFJFif^cttzn^ l/oliki^e at uarioi/5 pressures. 
tJetermined fron^ MerOHTiMire Msor/>tzon 
h^easurewnents. 
© PRESSURE 60/U H^ 
U " I6b/1 
22b/U Hg 
• 
o -o-— ^ ^ 
r\ —o-
• (•) 
80 220 260 500 
RF VOLTAGE EXCITING THE P L A S M A (VRMS) 
Hg. 4 /A 
99 
e n t s f o r vm i n tha t l s o t e t i c a l ftorstoXa for tba aierowairo iSQMlul&» 
t i o n i o ^ X t M^crmmm piasssB urMeli 
Siiieo tho x^l&tloa f o r tho ciicrowa^o m ^ t i t v i ^ 
o o ^ i a t i m Isdiox etio^a i s d e s to tie a f m e t i o s of t i » 
EKjaalatioc tm^^mm^w tbo f i o i a of tlio t cMofm<imms 
o a r r i o r ttm plasma^ tiso mtcOatioii i n ^ of tho oa r r io r* 
0m pt&emMrm tha os^n iao&ts m tt® M^vam QoSulation 
m m tiio irorif ie&ilfm of i^imm praSlo t ioas . 
liosma oii^enti&iits oro i n t o sootlcsis i n 
tifi0 r e s u l t s of tli3 trorioae s tad iea ore de^ r lbed* 
Ttm netimi of %ho mierornvQ index 
mitQ ^om on an osoi lXoseo^ i^hicli haS a e a l i l ^ t o S scnoon and 
imnee w X t a ^ oorro8|xaidi&g t o t lie mximm oM ffijnf iarim of the 
siodoiato<3 pa t t e rn ocsiM e^mXy and a ^ i i r a t o i ^ road o f f from ttm 
oaiiljratQd soraon* Sn f f l o ion t vortiooX e s ^ H f i e a t i c s i v m os^loirod 
80 tha t a Xara^ aroa o f t t o noroen mM used i n displa^ping t h e 
!30dulatl^n psttoiiQi* ana t o rodtice e r r o r s dia t o e s ^ r i s ^ n t a i 
inaconracio&y a l a r ^ rsM>Qr of osamirosionta mro taads* 
f iB Q0<!ba3ati0n inde^ of %tm eor r io r wm oeasnrsd with tlie 
laodulation nseter described i n oliaptor XXX« Tho c^iit>ration of t he 
7 6 
ELECTRON TEMPERATURE (ev) 
5 6 
Collision frequency PUAed a^mst Hte £/ectron 
^m^erature €ft t/'ario€/s Pressi/w. 
100 
lai t^r v m elmnML before eaeb e ^ r i m & a t t o ensure tii& mQUX&cg of 
^max^is^i i t of ttm e a r t i o r i i io^iat ioi i index* flio 
Q9(ita.ati]ici ttm ¥ m airitetlar t^aA o f f finom ^ c i l of tlie 
mmSOjiftQ^mms oscdl^lator* «rliiG^ was prnvkomls ea l i lamtoa ^ i i g & 
Tdsdba Qmtm^s^ iltaSlofretueney Stondaj^ . ti^u eaUbfaMoi i a l i ^ 
wma f^QtidfStJL; e i ^ o J ^ ^ 
2IIO m m i t f m e^ riorowsye i^sdolaUoii mfiojc 
f e ^ a t i o a f o t th® etodixXati^ Index of tlxi c^orotfav^ 
sk^pjBa^ m laodnlatiiis f M i t o n o f ee fo can be v H t t o n 
e s t 
= Mc I -h 
(4.15) 
STrtkc 
~ ^ ^ V U HvV 
asd (4*t$) eaa lie oaXlsd tim m ^ & t i m i eoof£lci«!i%« 
7I» abttoXixte mBt^aXtuoo of ^^ tiaa ea lcy la tdd ^ f o r 
appropjriata %mrm l a <4*16)« fiJa paraaoSers ( N^e ( j 
< /^'bylhTi ) vm^ I n t t » oaJlciilallon of H aro t a lmla to^ belovt 
f o r tlir^d EF TOilfeai^s e x c i t i n g plmmm^ t ) » n o d u i a u c n eo«f l io i« 
IS 
r<v» 
\t s i 
a l l ! a t 
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M O D U L A T I N G 
2000 
FREGUENCY 
5 0 0 0 










I O _L 
1000 
I Fi^.^ n M O D U L A T I N G FREQUENCY 0 
Pressure SOMH^-
Variation of the Mfcwwa^e Moikitaitowi Index 
Frefuencsf, RFMie^e 250i/. Career 
ModuialioYi Depih 50%, Con/zitaoas l i n e r^rese^ts 





en t s ea ioula ted ttcdng these p a m ^ t ^ r e ixi (4*t0) f o r M,ft&r&nt 
pmBmruB aad M Bt^ given i n tv to VI* 
Also i n ta^X&e btq ttm e i^x laanta lXir ^ t o r o i m d i n ^ e d s 
a t tb& earn pt^&siamQ bshI mp ^Its^ mm ^t&tziimd tmm tlie 
0taptm plotted bstmon ilio £]icro»oar& ao^olat ion Sm^x ao l 
ireqwm:^, SimsQ i t i o to mmastQ tba 
mo&alaUm i n ^ x a t fim^tieneloe m r o hoeame ol* t t o 
4 i f£ i e t t i t i o0 s d r e o ^ ox^nmntal 
ara oxtmp^la tod t o t!i& p mckB a t a •> end te in toreopt 
uas ta l^n em t ! ^ s ^ u l a t i a a eoof f io ion t* f t^) of osctxu* 
pola t lno ^ eas^rimntcO. ^ ^ h t o ^ « 0 i& ^escrritoa i n the 
i s ^ t i on i ^ t h tlio ispenifl^aiee of p on ^ • 
B. The yeyjot igo tlna cmcroway® no^ la t i c t^ yitfe the 
f o d t n ^ tho of foo t of changing tho trnqmrny i n 
t l ^ $0 OB to 3 Sos» a t tho isloTovmrs tmdal&Um la&ex m& t o 
c o n t r a oipoxliasntalXj^ o h s o m d varl&ticsi v l t h th» t l ^ o x ^ t i -
eaXXy promoted cmo* e z t o n s l w oxpQVltamtaX studio a on tbs re2ati«xi 
botwoen t t e tvo vofe perfoziasd a t a o n i ^ r of SF voXtagdSf oai^rioz' 
siodiiiXation depth® eat& piosciiroQ* laioi'ovairo frettaiaOjr 
woXX ad tho o a r n o r fro^uonoir mre Impt eonstost i n alX those 
lOOO 2 0 0 0 
MODULATING FUEOUENCV C/S 
3OO0 
F i ^ 4 f f i P r e s s u r e H y 
o 
s: 
X Ui o z 
Ui > 
< 











Qjcperiiamte a t 22*27 Qem ajad 2*3 l^cs r s s p e e t i v a l ; . 
Siimo ira a i^ pftmtll^ infe^f^&teS in fitMng m% the e f f e c t 
of i m f ^ n g t^o laodlaiaiitig fr&imm^ m ttm t^ermme ^(^tilatioik 
ifides^ ( tbs modulBtiosi itslsE ealsiuXatod asixsg (4 . t$ ) ^ m m o s «rit{i 
inor^as isg pmBmm tho volma mlm a 
t i o m l iimreasd ndtu p i^ssaro , eund hmc& <iaaotita£ive a^reexaeiit 
t ^ two i s se t pos.'sLbie a t a l l %tm pmsmtBs ) Bisperi^ 
m n t t ^ cmd t l ^ o r e t l c o l s e m l t s cir@ i n folXoifjUig wa^. 
flio ooialii t icii i n i i e e e mirs i ^ l o t M m tha 
f Q& e^ m& fTtmimmlm m ths t aada. The theore -
t i c a l and e a ^ f l i a ^ n t a l car© f t t t ec i a% « 300 Biiai^ 
i s i a d e p ^ i ^ i i t ot fi^ueisoiFt t t o lasOialatioa 
iaddx em msprmm^ mt 




yitmm ^^^ and Mjii^f® m&al&^tm indiices and 
r98p9Ctl70Xy» Uains (4*1S}» t t e other po l a t s of tbo tb&oretical 
ounro QTd p l o t t e d . Slaee ths aag^ tudo of Qv detenaioos tlie 
H Z lU u 



















/V^ Pressure 220 M f f y 
V a r i a t i o n o f the Microwwe ^ ^ J ^ ^ i o v Inde^ u f i / h 
frequency, ^ f M t a ^ 2501^; Carrier 
MaJulatiorf Su percent. Conitwws l i n e 
Reisresents the yheoreticai Curiae. 
nature <3!f ^ o f a l l of tim curre n i t h tmme^ng 
tT9<i:Q&mw* tiiQ peopQt of t h l e i e vor^ imporlaiit i n fktMtkB 
0Ut tli3 eztetsfe of t!}© agr^^ioot tlio t l ^ i ^ t i c o l mA 
ex^niaaixfeQl oowoe. t ho p m ^ 7&XO0 of tiiia i ^ a s i e t d r v m 
m% a f t e r mposAeA attoc^t@» u&mlljrt a etxrvQ i s f i t t e d ui t i i 
t i p o j^ i lEBOta i OB©, a t 0 oortffllii pfsBBvm aafil HP - ^ t a ^ , t t e 
otiaer m r m s a t otbor px^ssajres ao^ HF irolta^pa oan ijo cxsro eaail ir 
p lo t to4 sSLts&Q tho of Gv oorreepoi^ding to these m n bo sKsre 
e a s i i ? ostioatoS* 4*t6 t o Hjg* i^toi^  tlio r e e o l t s of 
tliD o s p o H s ^ s OS tH© T a f l a t i ^ of tbe iidoroGravo nodulatioa ttuSi&z 
Do^^iOatisig a t a mtal^oF of pf^setai^o r m ^ c t n m 
60 3g to p. tfm exettixis iroiLtagis i n aXl thoeo oasoa i s 
2fO ? and t t e oGTElor oo^ulatioa coat* I t My bs 
noted t M t » a s tfa^ inoi^oeoa tli@ is^dliilation ooof f i c ioa t 
iaoroaaes vhllfi t!% ra to of f a l l of t l ^ ca r raa wltit ooditlatizig 
aoeroasoa* BKidxaatiOii o o o f f i o i a a t s i ^ w a i a Tabla XV 
t o 92 wore takon TTOM tlaese ^^aplis, boA oorroaposd to tli» poit i ts 
iiA»ris ttio oxtrapolatea t hoo ro t i ca i oixrvas laeut the ^ • 0 axis* 
ths point to point p l o t t i n g of tho thoora t i ca l ^raplm i e 
e s t r o m l ^ t sd ioos ^ d i t ma^ be wortbiiMio t o o i^ lo fe t^bor poasi«» 
I t^ l i t ioa of f ind iag itm qt ia l i ta t ivo a^^reement betveen tbe tbeorjr 

l a 
a f ^ e j ^ f i z s m i t . Bortumtelar i s a VBt^ way tui Oeing 
t M s * a f t a r mm oH^bfo lc s&idpulaMom eaa tre 
wvittdzi aes 
' ' (4 .19) 
ir (Mc^vj M; 
f M s ^qfirMm a ig r^s t e t h a t a p io t tod t io tmm -Jt mS^ %ha 
oorre^mn&XuQ f^ ^ stiould a s t r p i ^ t t i l t^ I t s &lopQ mA 
ttm S,u%@rmp% m tbs mslm M^mOned t^ tlzo Yaities of ^^ aai 
Qv » t l ^ oxpai^imsstal polntii ^ o t t Q ^ i n t h i s wasr 
fis* tliv&e pressures9 ult^a tlio fXssisa m e t ^ S^O t d ^ th s 
fiaxTier moOalatiaa ^ p t h a t par e s n t . l a ^ s e eas@s no a t t enp t 
i s mads t o omi^&ra t l is saa^riosntaS pfldnte to a of t l ^ o f e t i c a l . 
onss* 7lio s t ta ig l i t l i n e s drmm otioscai t o i^aso t t s tmgh ths 
iariS^st flsim1>er of ^spofiseieiital p^le^s* tho ciaxliiiiii® 
possible r m ^ of s»4iil&ti»g ff^tiQneio6» m a bt@ to tsd l o o M i 
a s m g A M t o aistiiigBliiii tli» al^f i^qt ioaosr m ^ m whers t imrs 
i s m Qimc»t pe r fec t e ^ o r a s n t (aXthoiiafa Qua l i t a t ive ) hetiiecai 
tI»or2r and s a ^ r i i m t f a s f a r m tho var ia t ioQ of t d t b i s ocmcor* 
Xt easi t)# t i m l l $ siicum tis&t ths parajastor 6v can bo ^ t ^ r r 
isit^dt ^ ^ i a t e ro sp t m the /I^ ax i s and the of t h s 


























s t r a i ^ t Una le^coi QTQ £auifm» frm tb& r&Xall<mt 
. / " (4.20) 
t t ^ iml t^s of Q-P Glioim i n toblM n i imvQ dQtanaiziod 
v m ^ ^ tho ^mphm 0 . v m i a H g . 4*22 
m' ^ m 
iriie jParamter G^ deteraSna^ fmm 
BPSssure Ov 
i" 
t40 )tt 1% 4 .8 * t o 
5 
165 p % % 3 * t o 
3 
m fx Hg 9.7 * to 
H g . 4.23 dtiova ttx> "kmimm ^ axiS ^ f m t l i ree 
presGoras vli^n ttm e x d t i n g H&ld iraa r a i s e d to 300 i«ilh t h e 
sasBo pereenl t i^ of rnxMOktlm aa l a the f i w i m i s ooso* 4.24 
and 4.29 httre been dravn t o ^ m the e f f e o t of var^^ag the e x d t i t i g 
• o l t a ^ OS the^ slope aad the i n t e r cep t doe t o ehasi^e i n hoth the 
aoduIatioKi coefl ioie&t end the pftraiseteF • t h e prescnres a re 
&0 jSkU^ wbA 22$ j(i SIg r e i ^ o t i v ^ i r . 
The ss thod of drmrlng th@ gre^h hetweoi ^ fttid t o f i n d 
ths tr&qmt^^ region where theve i® qiaclitatiira hetveen 
, (X30NI N o i x v i n o o k M ) 
t t e tbowry m^ ex^tkamt ham thB aavaatc i^ of e l s ^ U d t i r 
and the ttm m% mfivske^ em^ f i t t i n g of t3m t h e o r o t l * 
m l i>olat& with m ^ Q t i m n t e l o m a C i ^ ^ i e sos to i^ t a ^ f l o i a l ) 
ecg^io^d i n tt® th0<»r@t&«a2. i n l ige* 4*16 t o 4*2f • 
f b e Ttm^ Oit m ^ l & t i m f^t^qmwioB eimma o m ^ a m r ^ of 
esiptamMcm. H r s t t I m o r ft&qu&my U i a i t . Below m m t 30 c s 
%tm m^tttTQq^mm^ o s e i l l a t o r ooaid not eu^piy p o ^ r t o 
pns^Tiao SBif l l^oot ftsB at tOlof^tpemi^ 
wi^cb aoSsjiates tlia Bf o sd l l a f ca r iiad t o b© a n v e a i n t o 
th s cut off ro^oQS t o ohteXn s a f f i c i e a t aa^ofTOcpoao^ poi^ar and 
t h i s ema teo ozeossine Si6tQrti<si of tlio iBo«^Xa.tiozi envBlopo* Also* 
tb@ isoasui^&soiit of tbo o a r r i o r s o ^ l a t i o n iadeiL a t I m f reqaonetes 
tmtximB 24I&3 a e o u r a ^ si&ee th^ rospcmse of the aii^oflroiiuoDey 
r o e t i f t o r i a tlio nodu la t im t o wm&B imo not 
IciMnm* ^sothsr m m m f o r s t iok tng t o ca tits lover l i s d t of 
tlia isoftttlatioD froqooi^^ vm %hQ d i s t o r t i o n of M o t o v e v o 
oodol&tiOQ ttmlope A t 'vovs f ^ o ^ o n o i o s i M d i i a t r o ^ e d 
oxeesisiTo e r r o r s i n t o tha aeasitfremeat of c&oroimvo laodial&tioft 
iitdesE* Tliifl d i s t o r t i on m y possi&ljr be i m t o ttie preaaooe of 
second and p e r b i ^ Mgbor tmnnonio cois^nents i n tbe per lodio 
v a r i a t i o n of e leotron dex^ity end eolXieitai frequency* v ^ o l i . 

110 
a l t t uau^ mieh than tbe fltmaasBxttal froi^ueney 
caa c t s i s l ^ r ^ X e &t firo^asnelds* In I d ^ 
eno^ ^btm ao^cmt ? Ees, a l t l m ^ t lmre «ras & certaizk 
ai30imt of eppMtisId nao^laUoa i^reaentt t M s m s iissiall^ too ssiall. 
f o r was aeoomte m n m m m n t ^ t a ^ r m 5 B^s^ tlia 
!ai0roi»s70 ttl^mls v&re fmmd to m^Utu^ flie 
of ^c reas® of oodoIaimcBi vl t l i Itia tao^Xatioii 
mB mtmm%9 o f t o r ol^o;! a mm* 
lis e ^ l thBm mBEmmmate^ tbo m ^ H m ^ ma&xO&tim 
i i i ^ i t ftt ttiQ fm^liiimiitat of ^ Q {BoaulaUcm frnq^mmisf* ^ 
^ l^a&d^iitaX anil I w a ^ o s t weamT&A, 
I t i s p o a d b l e t l iat t ! ^ hnitnonlo eoispondats m m pre@«Qt a t 
h l ^ r e g l o m too* i f t^o d i s t o r t i o n of the t a ^ l B t i x m 
efnrdXope was say indioat ioi i f o r th ie* fb© sosa ra t l on of tbo oodtola* 
t i o n indBX Ittlio tho ftandaiwntal and t l » imreoaicE t& m t t m m l f 
d i f f i « a X t t aixkott t i l l s votiM roq^tslro var^ oo%Xioat«ti f i l t e r a r r a n -
lesiMiita* la tiio Xm fr^wmj/ rogioa vtoftro tlio haraonics of tlia 
a o ^ l a t i o n f m q m m s predooiiaaiitt th© fraqiiaimsr aapara t ioa 
M v a o a tlto fuaOafiBntal m d ths tiaraonioa a lao i s vory assail» vliioti 
wotOS i iaeaasi tato U l t o r a of w r y mrrow pass t»axids, Horeovar^ th& 
aail l)rat loii of the f i l t o r mtpat vovOA prasant a d O i t i o n ^ proiaoiaa. 
I l l 
fbR i t l ^ r a i m tim eqmra wme msOulB-tMn envelope 
of tito mlcromm sl^aai&m 
'ghg. Seo^dtence of _ t h g r n c r i i i i s ^ Xnaex m tbe HF 
Altltdii# i a tlid <4*16), tiK> oieroucsye mdi i la t lon 
i a a e s i s stiinm td be pro^or t i imX to the m ^ r e of t b s ^ m l t i n a 
f l o l S str©figt!i» tho ottmr p&rsmt&m of the fOaaos the 
e l e e t r m oad e l o e t f o n coZMaim m m i l m the 
eoef f io l&s t s rq^ teeen t i tbo m r i a t i o n of y l t h #l@etroii 
tes^©mtttf@« t}©iiig ddpenaont upon tfoo e x c i t i a ^ voUta^ t ^ ^ rol&«» 
t l o n i s aot aa m i t a^pstajrs a t f i r s t a lg i i t , Botmverf t o 
dtt24y t%ta e f f e o t of tl2o oxe i t t c^ vol tage m tbe ciicrowisro oodula* 
ti<m SMdeXf m d t o eoisparo tbo oxpozts^s ta l i n s u l t s u l t b the oaleu* 
l a t ed va lues t ^ n m ^ r of o i ^ f i iBc^ t s voro porfof tas i a t d i f f e r e a t 
v o l t a g i s ranging from 180 ? t o 500 V a t mxKmo proBsuros* 
B9I0W f ^ ? t tlia plaaoa «aa too thixk imdl mBmv&mtA of 
ttia p l a s m paraae ters anS tho nleroinxire iaodulatloo inSox mt$ waSs 
d l f f i e u l t otdng t o t b ^ r oxtraigoly emll r a l l i e s , f h s upper Uis i t 
of t!is BF 7olta09 idilcli eould auppUod b^ r tlio o a e i l i a t o r vem 
about 300 ? aad boiiQO t l » tasaatir&ffieiite liadi t o be confined t o t l ^ 
rati£^ nentloned 
112 
Hio SF v o l t a g e naro momrod i d l h a PliiX}ip& ntOsik €009 
freta^aej? VfW vMeh haA r^Bponm vpio 30 fbe 
o s c i l l a t o r suppUsd tsalaaoe^ Of voXta^Q to ih® tvo pis tof i of tSio 
pXamm eapao i to r , a ^ tho v o l t a ^ t o l30 las^iiaiz^d o o t o b s tlio ttio 
pla tes* f o emsia ttio p o m A U U t s of I m S i s g f m oiiiolllatoi' w t o 
t ^ Tm tonatxial^ coamotod aoto&s tho tifo p l a t o s CtMs 
l ag ttoiald s ^ tim w m a l e s ^ road a w l t a ^ lover t t o tlio aotuiO, 
iroltoi^ &&mm ttio tiio platQ&)f t l ^ WVn was iisoa i n tlio folloiclQG 
fli8 ba l a imS ^oltog^ tmm ttto pMtem fo^ Otr^otlir t o 
tlia v o r t i c a l d^f leo t ioa p la too of m t t m m ^ proper 
capac i to rs of s t i ff ioioi i t v o l t a ^ r a t i n s t o rmm^ tti@ m eos^onoot* 
fho soaMtivl t i r of tiie (^oll loocopo ^ofloot loQt tlio i r o l t a ^ 
roi|tiif@ll t o pro4ooo 1 om ^ d o o t i o i i m » aootiratol^ 
a ^ r s t , caHlaratl i ie th@ roadiag ttd.® m^^ t t e WVH 
t o i f s l a ^ o^QsioetdS t o m 9 o f tlio eoppor pl&tea» i t y m poss lb lo 
t o ^ t e n a l n o M vol taa»s bosronft tlio r m m ^ voltiaotor* t l i l o 
t f t o l m i t ^ a l s o w i l l p rwo»t tlio w m imt& ^ i a x t U m s ^ ^ plasiaa 
uMlo the laoasiiroiaents a ro teiiig 
I t ii8« fouoA tliat tl}d l ao^ la t imi msmljOffs o f t l « BE^  o a r r l o r 
v m alvays sUght l j r d ls tor todf ^ m tho p l a a i a proscst i n tlio 
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lOOO 2 0 0 0 
MODULATING FREOUEHCV C/S. figA'ZS 
Variation of the A/icrowau^ Aioda/ation /rt{h?c, u/ii/lh 
ihe Mocfulatltlg^ freqaerJC^ at three, l^ttayes. 
Pressure 90 M ; Carrier /^octaiation Depm 50% 
152 
Increase of %ho HF vtOLta^ aad thd iaoauIatiOB i»aex« P^^so Imt 
of modalatioa i n ^ s M t o bo m&A In tt^ io 
mmwBXl^ abcmt 70 i^or e@iit mm lignirum laoanlation posslt>l« 
vithdii t ia t toSaoing Qtrtmn due t o t i p d i e t o r t i o i i of tbe lao&iXatlm 
fits sstom^sre BoAvCUif^m la^e&e c^tiXatedC u^m a t 
a pntsouom of 163 p lig a i ^ ^ isodiilatia& tmqm&e^ of 300 Ce ae we l l 
a s p a m m t m B t n tba oaloalat lcm o m presoated i n f a b l e 
VXXI* f ^ mpMrnatBlls ^otonalasd o o ^ o t l d m indleosi or© a l i ^ 
glirem tba tab le Ibr ooia^ilsoi i M h tb® oalci t la ted iraliioa* Sable 
t% Bwrn^mB re0iil.t0 o f n i M l l a r oaXculations a t a px^sstare 
ja Bg. 
fber v a f l a t i m of t t ^ sHerow^e £io#ilatioxi in^ex tf l tb t b e 
xsodteilatiiii: fire^uenoy mm • t t iaied a t t l iree m n o i t a ^ s e i ^ U n g ^ t h e 
pl&BS&, In a l l t he eases* tito c a r r i e r i^as l a o ^ l a t e i a t 50 per eeat« 
Tiie resQlta of tbese ottOBureiaQata fo r a pressure of 90 ja Mg a r e 
g l i r o a i a f ig* 4«26« Tbe f i ^ t r e a l s o tbe t t i eo re t i ea l ciOTes 
p lo t t ed t o ^ v e tbo taaximm tt% to fihQ e x ^ r l s i e n t a l b|r 
asdiig the f o l a t i o i (4*t8}» 
I t W j g P f f f l ^ f f j f t f m^royaye M t a l a t i o a Ina^ac o^ ^ ^ 
- Cararler Ho^la t loB jispth 
t b e eqaotioa f o r ^ 8ilorowa7e mo^vdBttm index aogesets a 
153 
O Modulating Frec^uenc^ 120 Cs 
10 5 0 50 
f i f ' C A R R I E R M O D U L A T I O N INDEX (Per cent) 
DepeptJence of Hke Aficroa^^^e Afo€iuMiM Im/ex on ^he 
'arrier Modutation DepOt at ^ariws Mocfutating^ 
Frei^i/eytcies. RF l/o/ta^e Z50I/; F^essifre 90 M^. 
n o 
l i a s a r ddpenddnee of tlio cxLermam mo&ulatlm oa tlie deptii ot 
modulation ot tho BF o a r r i o r easel t i n g ttis plasma* izimi^s&iit&l 
X w m e t t ^ t t m of ttio f e l a t l o a b e t ^ o o t«o mtm msM a t va r ioas 
prQBBvaeon mtsSL o l m a t diffoifent oofitildtSas t t^mmi&Um tho 
t i d a Seftli of tlio o a M o r ma s e t a t tlis ^ d x ^ a irali3@0 iult^ 
mMeitm3t(t» QUt t o oof reo t f o r cmy of the dopth of modula* 
ti<iii bjr tbd i f i to iue t i fa i of tlio p l a s m nit l i ttm EF f iol i l* 
t M eaiTlor noSulatloKi Soptlis ttsoS i n tlie es^rixaaxita r m ^ 
f r o s fO por cont t o 70 por ooa t , l^lot? 30 per e o a t , t b s D o ^ l a t i o a 
of ti& dLoroirairo ol^i^als o ^ m m l s msslX and 4ep@aaal}le ooaauro-
mnt& mm d l f l l e u l t » uMlo aibono 70 por oant t tbo d l s t o r t l im of 
tl3jo oorxier ezurolopo iatroduood e r r o r s i s t o tho sm&alo^ 
t l oa 
Elg. 4«27 shovs 80Q0 of the o s ^ r l i i m t a l r o s a l t o m t ! ^ 
m m a m m n t of tho laioroifayo laodalatim Indojc a s a Ibnct lon of the 
e a r r l o r nodulatioii depth a t a mml^r of mosdiilatliig f r o q u ^ u ^ o s 1& 
tlio range t20 es t o t ^ s . Tim BF TOlta^EO o3B0lti.iic ths plasma 
250 V afid tho ^ prosaitro itas 90 p S lmi l i a r ^myim a re 
shovn I n H g . and 4*29 a t t l ^ esm iUP n^oltags Imt a t presGures 
150 ^ find 265 |a Bgt respeetiirolsr* 
fho depo&denoe of t t o ialeroi#a:vo oodulatlOB i i ^ z on tlio 




INDEX CPcr Cent) 
30 
Fig:^'Z8 CARRIER 
Dependence of ^ e Micrais/ai/e Afoda/atlon Index, on the 
Carrier Modu/ation dep^ at ^arjoifS Madutatt^ny 
Frequencies. RF Uotta^e Z50V, Pressure 13041 f f y . 
117 
nodals t lng t m ^ n c ^ m a iinroallgatdS a t thro# stodulalloii ddi^tls of 
tlie HF Tto EF I n t i i ia ma® S30 MXst tHe 
mo^lmUm depths ware 30^30 aod 70 psr mnt* Tim mmtoa 
Bbom i n 4,30 i^m mtmtmtimXls tibd Bom e lsaraotei l&tiedt 
esEo^t t iBt ^mtBtiom tmm tirn^t^^maX curves a t tha Xm 
troqmmg r00.mm homwB oad isore prmomm^ aa ti^ ^ptim of 
o o ^ l a t l o n iacraase* 
B* fhQ mermm& - o a a l a t i o a ImSqm a t Vayimte 
Qxg&Timnts mi t l js laodttlotim of ttm wieTov^Q s l g i a l s 
vera porfcria^d a t "mtlmB ps^ssnros m i ^ n ^ 60 ^ 1% to p 
Us» I s tho presoaxe iooroasoe, tbo oodaXatiGH e o s f f l o i e a t s f a s 
well ^ tlio Qo^Xat l f^ a t any tvQt^Qms wei^ f o m a t o i a e r e * 
as6« l lg» 4.31 i s a of e s i^ r ima taX po in t s a t ^00 os 
p lo t t ed a ^ d n e t ^ t e pmBmar&f irhaii thd plaetoa tras tiy 
7iie QSSTier ooduXation topth vas per cent* Also shoim 
i n tfao graph a r e t lB eoXUaloQ f toquextdes i n tti0 case 
vben the e o r r i e r was ao t »otaXate4* 
i n th€i t h e o f e t i c ^ oaaX^sia of ^ iaicroir£»r« 































INDEX (PER CENT) 
DepenJence of the. Microi^ai/e AhJd/lation Index, 




Pressure "^265 yU ^ 
i i s 
throui^ l^e p l a s m voire coatlmioas vaws* vrnxiy &t ttm ea^^erliBesits 
mTB perforiasd «tltl2 i^orovord ^ ^ m l s laodulated bs Sfimm jg&ma 
of mwtMe r a p a t i t i o a ratm^ tim oodttl&tltxi iodiic^s tueasavad 
^tli €w siiiQaXa sag the a^oas^ ^rmtQ cto^latea el^mXs mm 
6iib3taa!tlall3r t t o maB* Ho ^©toetabla Qftmta oould bo 
tim ^ n ^ i l t o ^ of ttm p n t e o r r e p e t i t i o n r a t o 
of tbo s%iiara i^Oi^a varo fliQ l a t t e r ^tm var ied t t m 
600 e s t o 10 Ees* All tl}3 ^peflsfiaBeo of 
mierovc£?o isodialat i^ iodte^ K m {K^ la t i f i g fr@t|i]DQC^ of t t o M 
e a r f i o r m m wtth tlB IcXsrstfon laodttla^od a t S Eos* 
fl icrovaw ifotolatloi^ 
7ho o s ^ U a t o r toals o i ro t i l t fsaed i n a l l ^ o oxperiissiits liad 
a tr^mms <3f Hoe* SXnm tha varial^oo of tb® o s e t -
Hatoar t r t m m m ^ h^ two^m ttsQ tan^ o i rc tUt ea^EM^iors r ami l t 
i n ifi^ddaneo ffllwatoh iMitvam tl& indae t lve and c a i i a c l t i ^ arsis of 
t i » tank o i r o i i t f r e s a l t i n g in e h a a ^ s l a tbe m pomw coupled i&to 
tho p l aem e a p a d t o r i t o etudj? ^ o e f f e c t of chaaglag the o s o i l l a * 
t o r fr&auoaey m tbo oicroirave {oodalatloa iiidexy d l f f e r o a t taafe 
d r e a i t s were used i s tlisse experlasiitB* t l i ree tank d r e u i t a l i t h 
t t ^ i r reeoaaat tjeWK^mi-os f^apactiveljf a t ^ S i llda and 
11.2 1108 wore used i n tbese oxperieiint©* Ho cbm^ i n tho m e r e * 
30 
z ai 
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m o d u l a t i o n 
?boo 300O 
F R E O U E N C V CS 
Variatioa of Ihe Mtcroioaue Modulation IndPM 
k/ith ihe^ Moc/ziiafiJ7^ Frequency at thre'^ 
Carrzer Modulation De/'ths. R, f . i/olla^e i/ 
Press a re 90 M Hj-. 
119 
wmfQ laodiOatlm imQ&x eould be o b s e m d vi&n lbs e a r f i d r tte^imm^ 
wm %n tM® rang^t kaepiag tim fiF ml tBg^ and %h& «arvi«r 
gfeatt^B o f c^rg leg iioQiiaaliffla Jtod^ss ig i fel^ Bmsence o f t h f 
Ths M t!B emrt^w^ a iap la i^d on an 
osoiHoeeopa mrmn^ n&ui ftmti& a l t e r e d wiiea d lao l i a r^ 
mm stiraok* was di8tc»rted at the 
freQi2@ii0i88« Since t M meLllomQpo ^joire t t e i n t o n a t e d pa t t e rn 
of ftmdmieiitQi. and tha I s m i ^ ^ e s , no osaaait^rnQts 
e m QSido t m t l l t t j^se ems^man^B aro i3@parat@d. tUm tho e h m ^ 
If i tli0 ^ p t t i cNf tbo e a r n e r iiaxltilatlm to ^ i n t ^ r c e t i c n wltli 
t h t piassia eans^t hoM eelalir responsible t&r tlid obssrved 
imriatlozif aizieo tbd d i e t i ^ l c m of tim 0m&Xop& a l s o e m r e s u l t 
i n a dmag^ of tli9 laodnla^oa doptli« 
o 
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REFEBESCES 
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I* tmmair gM 
B, mtt^&kth 





1945 ^ X§ <988) 
B* ilftlter 1950 Pliya Bev ^ {98-i8) 
4» 3* Sojlim anS 
K* T^ka^oaa 
XeaaniotQ a M 
1949 0 rnm-Bm ^apaa 4 ( 5 4 W 4 7 ) 
^ (557-558) 
1915 ^ y s lev 1 (450) 
1956 ^ pfctys Soc j r a ^ (57»68) 
7« Hoald and 
8 . S . S0oly 
19S5 PtA&m M n ^ o a t i e B v i t h 
marm (JOI^ ei l^ Iey aofi Sons, 
laof mw Torfe) 
1958 Bie«troQ Tube Gistmits 
(Hcoraif m u , mm York) p . 340 
9« H«F* WMtiiier 1959 tacwwasre HtmxmX £ (17) 
121 
mkmm ? t nascoss i® m fHE Hssoisa 
t« l^tKldllOttlSt 
tm^s. mt E o i n l a t i m Wmmmm^ 
4* ttm rnnmSmncm mf mi^mmim 
g le^ ld l ion m^K m ^ Cweitimt 
Bto^utlafeioii Beplli 
ttm t^^^m^Semi^ of tim Wlcrfmrne 
iMi lA t i i s t I n t o z m %h& H ^ i a 
Cem'bmtmm mA for 
iKirk 
122 
tn tlia ex^orliootitoi f^^ouit^a i n 
tisi ff(3VlcraB eb^tsr ^tll ^ aioeiEiSSda m t^ls ot 
aaiAfsdc ©f praija^^tioa of oiisrcirawo© 
a v m ^ i m pltasii^ m t l i m ^ i n ^ l i a ^ e r IX« M Hio 
esi^oiriiisa^e mm Qine^ a% a of tlia 
preatd^ea of tis^ t^lermmQ m^X^tm i n t o m 
voriott© pai'csDtQrs ohafoo^snslssB a t i m ^ ^ a t ^ c plasmat <»i2r 
naiii e f f o r t bero i r lU to t o f i M out feh© of a ^ o o s i ^ 
tiotvetzi t\m ttiBOTS t^o m^nnant^ Q&Sl t ^ r c n r e r t b s r e 
fio^ations h^tweoa t ^ tirOf s t t ^ i ^ t s i f i l l ^ t o 
esmeoa f o r sucti of isdLiiilUisr 
s t a ^ o s Dolssa I t ^ f f i e a l t t o oos^aro %im pmsm^ r o s a i t a 
Except i a a vet^m oiid q^a l i t a t iTo wa^* tho lonospltone 
oros8 siodoJatios osq^rliaenta oM tho premw^ sticidios sm 
s L s l l i a r t laaSul^ i^o t o tb© f a o t t lmt tlie a i s t i t r M i ^ ^ s ros i n 
tli« fonaer aro iiaxoh Xm^ pmrnrtuX t h m ttcoea I n t b e preseut 
c a s e , iMcl i wa^B tho fumUt^ar phemimm mtS^ l e s s em^X&x 
then tihose i n tho h&hoT^tmf easo« Tim saise ^ m bo sa id o f 
tlio silorotfc»ro in lo rao t ion s tu^oci a l s o t wMch aro liio pxopor 
123 
&mlo0mB of t^o iomnai^btrjUi mM^timm^B^ fim pmm^sl^ expmpi^ 
mntiB Bhml4 be mtm I t i i ^ d m m i x m & t i s i ^ i m 
t t o nmiMmm^ m ^ m m of a plaim^ a t i s e ^ ^ p e n ^ t t l e M ^ 
m r m g &m>mh ^ al^ti^ ^ ^ e m t l c mA i m l ^ ^ M e p t m m m & 
t a ^ i a ^ i a %i3o plasma. 
/ 
f l is baitio b ^ n d t l ^ tQrmlm&lm of the 
pmhkm of tSio aei^litiaaei ciodialafeiim of e i ^ ^ l s 
tbtm^i i® tfe&t ^ ^ tb® s l^ct inai 
tha doXl l s lm e r e npoa tits 
wMm p e s l o d i ^ l f einn^B tSm 
aot ion of tite f i o ld* f l isse 
aro mapQettv&l^ ^ tfe© ooef f id lex^e ^Nc/^ Te mta 
• I n a r ap id ly varying feha mrnvxremnt cf 
t imss pe].*ioi2iea3l emj^oms&n by %hm tsm@l ftol^e t e e l m l w i n 
lia^osMbX®* i f t i t t ^ r I s I t iros^bSa t o eft2.cuS.ate t h m t m m ^ 
t l e a U y » t o %*m l&nk of mt f f io l f i a t ly accurato l!il^rtmtlo& 
m^Mm ft^ f c s r ims m a emtilelmsk^ til® 
^rarimis e l a s t i c azi<3i i e e l a s t l o c o l l l s l ^ prQeee«e« tim 
e m r g l o s and preasor^^ linrolirdd i n ^ q p m ^ m t 
124 
8i»ie» tiMijr l a ttm mMm Goi»ll«iotui« ^ 
mmmtHaB tlme» mximo ^wpemtum^ 
ftm eontsiimiiGB t o %im sn^ntAHiim of tim lAfimmm 
Bl^m:^ frm ttm t a H a t l o i i of t h e eOnc^tfrn dass i t i r mpte^^ 
by %it& "s^r&mt&r %tm ts<m%itiMtm fmm Ne 
of tli0 ttmow^p th& 0f$m%i.mmm ^f tl ie %m msa^ i s tm pitOG&&mB 
l.«e«, ^noMti m r i a U o B «»f H^ ^^  i n i so&iMisg t h ^ 
sd^s^asro i ^gs i aa eaa lecsa^areS oiss^unisg ^be fsmi^tiiftoe 
d f timso ttm f a ^ l ^ e IV VI liet^ ^mmtms 
m% ptQmmem o M BF imlt&^m* mm% stviM-ng f ^ t 
ttoticm tha OQKitirilmtiim fmm ^ ^mtrm d e n ^ t ^ 
v a r i a t i o o s t o liis mioroMsav^ iioM^afeioa isiftox %m mmt&rntmx^r 
t i tm t l ^ t frm t l ^ vax ia t ion of ooUJLsioii frsQ^sioiry 
«lil«h oMoit8l | r inAiG^tos tli&% tfad e l t e t t f ^ ^ o s i t y irasi&iioiis 
ph^ & ism^ laegne mtfuf^m l a modu3&tXm o f 
tlio iBlorovae^ii slgmklst tbaa felio i n ttiit ooi l ioloi i 
fmuQittoy f Idf i 1ft s i&m l a t m loisos^lsixlo 
{ffi&daX^lon l&t t e r ftloos In aamiiasd to 
oftuao t i » i3odii2Btl<» o f 11)0 iioalc&r m m ^ oxoopt I n ttie i t a d l o s 
125 
of SqsiI^ idmsvf im t m a i t ^ c t r m f i w o ^ t l m m 
eausttS t h t s K ^ I & t l ^ a t t h ^ m a t ^ ^ d ^ ^ x ^ a t 
mro m e f f e e t i w a s ilie e & U M o a iraarittlloas 
iMk mim&g sioltele^im of %im wmSiet 
f l ^ p$mm%&w» s^ t t t iooia abotro sbc^ m tusmmm m ^ 
0m ifff&miim tmtmme0 t o tm% t lmt ttie o o ^ f l ^ ^ i i l s 
ienotlDg irdxtatiims tlie ^llmttm 
imrmmB wtfeli ^ pte^mmm 
t b s iioeflS.oi«»la laiing (4*f6> aini 
t ^Mo&od %M f e r -viydflsiB -gimmeii^B rn^S m voita^BK* 
flid oalonl&ted eoef f lc to i i t a idtls i n tho 
pwmmm^ irm.2© t iB ^ t a r M a e d ^ v m of 
titxm m a laoe t pro^oti i^t t i^ trn&tmm wXth immmisk0 
f l » mammt^ mXml^m^ n^ itUh 
pmmmm i» ^m %q fm% tibdft lli# we o ^ d n o t i v i t ^ ' 
of tho piMMm iiltli i m m M t i g . pt^smoNi aaS tlUft 
tbo HF pewor aliaorldod tiy i^Jlawk* with 
tho l o s s r a t o tiy e ^ i e l m with m U m i l m with imm*^ 
•ti ing p m s m m w H ^ w i U m r m t o i j ^ m u m t h t m ^ M M ^ M 
f 3 » f t t m i i m of t b o oloot ton tmp^mtvm* thm 
t a U ^ o t a x v o d iwsi^afto of tho m o ^ M i m ooof f le io i i t id t l i 
126 
imr^rnim mams^ h& ^y^Mm^ ^ %ti& 
Us* 4*3% tim si^Xaticia indeix ei algonlfl 
a maahiXat^ifi^ f x ^ ^ a m y of ^ m m^ colllslflaii 
f»ir mXnmgmm m ^ e A as & f y m t i c n of t l i s ^ 
hf^h aiim pmpt^rUmmak imvmm lath pmmxm* 
n f m$&imm& m&StQlMm iiifiax ^ t a l a d d «spdfia«ii ial l jr a i ^ 
emm&t ^ t o f a c t 
u r n msemsit t n tlia 
Qt^m^i^p tmimttn mAtMrn^ e m ml i r eist as 
ft isainfiQi' f o r im^im ^ ^ ^mtmom^^ t t ^ s ^ ^ fs^icdng 
t!it i ^ l i t i i i e of v c a r l a t i ^ tbst ^mj^m^vm, , 
70 «@o tlic^ mmX^im Safiear mml'' 
l a a ^ t t i i s s !S0atiXati€ii iadNiz v i t t i t ^ e s ^ ^ m a t a l . 
pmssores* fli^eo e a l ^ l e ^ i o o a o m mmmmim^ i n Tttblio Zp I s 
iftileii ea^emlated t ^ ptenm^ 
t^ MNifsr ere ^ m ^ v m f o r ems^atmrnm 
Hm^jie^mn tn&tw^ tivi Bodiil jMt^ ^ o i a l a t -
«d m i a g %m mo%tm&a sewttl. t l ia i (2«78> %m iiiial)2« t o pjravid* 
127 
iMimet mti^mmhlQ i n a o ^ l u ^ wl^li 
tml iral»@s m tlie px^aikiil As slioiim i n f i ^ l e a 
t d irx ^ ^ l a l i o n elmif ck set thd 
f i t s Ho<liilslioa tsalne ( M B ) 
^mtoi' asji EnssaXK Also slusnn mm m o ^ottmp&M&s 
m '^tmmm 
eloofctt % % na i^Ca . ' fS ) issiiag 





0.00266 0 17.63 ^ 
mt 165 4*0 0^00118 7 .25 
Z1B ©.oocfra 5 .0 i8 
m 8.54 1»S2 ©.oo^ra 
mo m 6*66 2.95 0.00105 
tm S.14 3*rB o . 0 o o n 6 6 .68 
10*7 1.42 0.0058 t 4 . 5 9 
m m 10.8 5.65 0.00085 12.49 
4 .45 o.ooor^ 9.55 
^Sim g^oflfral ^ Q t ^ m ^ o f e a l s n l e i t ^ ItMrnm mm t o 
170 
t o S i m a n witli i m m m i n g a i ^ r m t ^ * 
% (w pw Bfpwm^ mm. OB w 
tadftuJatiii^ fw&imm^ Sb bg t ^ l a t i o n 
Bhsm tM% a t mm p a r i t i ^ l a ^ m ^ of peam^eit Ov 
%tm ixK^s mvM &mrmm wit^ iaoreas l i i s freitidnoir of siodula-
%im* IDft ^ n a r a i c ^ tiam fmqfim^ m^^mm^ At 
trsTF loir f i ^ t zono los t Ov -o- m ^ tli@ mrrQ^ 
s t o f t i n g trnrn t u o ^oim %im wo^mMttm meftli^mtf 
tmglUm t o MJX of f s iov l^ m turn mo&al^tlm t r ^ i Q m s inezoasoo* 
of -wsiXiMtm of iv ^ f^o v i ^ a t l c t t of t ^ ffioduii^ioii 
tm m&wmmty «isa31* tn tlso tim 
Vtammtmr <iii& A- i n irn&^tum ami tiie 
« l t o e t o f tls» lisiBlAtlng ;^ r<Kiia9i]0jr o^ a tliio l ao^ l a t l fm ii»9bix 
tmmmm mm pf&mmm^ ttmm i s a mte ra | i l4 f a l l o f tho 
t t l i i i f ^ w i o o f i s t&ls mg^mu f S m U ^ ^ «li«ii 
n b s ^ a o s m t ^ X a r ^ tisaii # tlio oufvo ag^in l ^ m l a ^ f 
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XHBfieMng wrnro s K ^ l a t i o n a^ ej^raiftXsr m o ^ l a U m tsmimtk» 
Umtf^trnm leHmm t^^ ^ f a l l of Wq oodsilalioii e m m f m 
YBifimm imlii^s of @v li&w l^om ^^m Qntlftf 
fibs p l i ^ i i a ^ fft&a&on f o r t h s aiei^afie of s^ i^ la t io i i 
m ttm^mmv iasfM'emQB im tiie foisxi^ii i^ 
fit© ^ i m f O t e r i B t l o v l i l ^ Ime t o lio bstwe i s iHe 
siisrgy f t t i s f t ^t^ M firs^n^i^ 
^ m , Urn mtQ laf Gt t im m p U t a $ e of 
i^iSjcti iGse i t^ j^Is^i^ l a m t t tat 
mHmm ^ ^im oi^^i&tim of ^ileotfim ^ ^ i t ? a o l 
pdimmtt&m tfW t0 mMmm 0M tm it&m&smSss miaA ^ ^IX l » 
i jQCfema i m H n ^ o n of tba tm^fmia&fe h a g ^ B t o 
( ^ / a v ) and h m m tUm of tHe f L M 
vftHatioi is i n owwMUig tlio o ^ u g ^ s i n m ^ p m m t e m 
m mSi y wHoii m m v ^ m M s ^ ^ o m e m of o 
^ l u t o u At ^cr^r t i i ^ of aio&iXatioa 
( -A. » >t plmwsi 4ifforiB}&e a^ roae l i s s iSm 
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mXmttm mlmit:^ U&U nil! tm tm mtB ^ t^lm lim 
WiQ ifilimsMir m i tim p a l a t a l ^ w i a ^ l ^m 
t f mm pSmm ^^mmmUm mm^ m mx^mm^ i ^ i i ^ i ^ i ^ 
to Urn m^^B^ i m ^ tm imqmmsF m^om* 
I t ^ m m m'm 4*1$ t p Hmt m 
tmi^emM ^ ^ fi^isita m ^ %h0i pmBmmm* f ^ 
^^mmm in Wm Apams mm 4mm tite t^s^txm 
^ M m A iM I?# ttm ^ m ^ m iki^  wm^ i n t lm eaXestlsuo 
%%m %im tte^rtfcS^ mi «if t©*^ lij tlt# 
e f W0 i ^ l & t i ^ t n^ s^ mi^ » te of 
# t a t e i fMi^ i ^ H 0mm fiar 0 y a i t ^ i ^ <»f t l i« 
m ^ t a fO^* I f tMM i f ^ m i s laita I j i m s ^ m t i m o f t l i# 
tti# fm^^M^^? ^Omm t tmm i « 
Wtle tdttmt <tf m^ t^mmw ^ te 
t a ^ wmM m^mai te ^omMmeab^ l e n r ^ r mlmm « tlsm 
eMm 0f ti^ is^ ms i m l i l l i m i^w t n ^^sMn 
wm^mm m^mm^ i^tm&m mo^ 
mwwm» flit pIotiiDg mtm v^m 
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ant l b s oo^Xsiioai etmfl^eleist im imSA mm 
Mtm.ml% aa^ti^ temm tim.t %fmm is m^mmti^ 
M w m n tlid and dsi^zis^xnna m ^ m n c^ onl^ i n & 
Hisl t^d i^xefidm^ AS fik^lss X? t 0 f | » 
%ei i^iio t o tM 
nf f ^ iiiadiJ&tim iji^m m ^ i ^ n l e ^ c H s imtimm$» i ^ r t tmf 
t iMmt Iml d m m ^ tlte smj^itsiaa reogo of 
t lm»t l l i ^ s a i^ a leo ti^Ipftal i n 
t t ie tm^immsf r^^ms^ whmt i s PHmAmtw 
i s & ^ m mp&timmtc^ ©.lal timmmU^e^ imtitim of ^ 
Hiffp&i^ mwm of tito eioAtii^i^si i^tSest m aotSa^atinn t t i ^ m m ^ ^ 
Mlm alumt ^ m^ i l io m^xim^e^l^ mm'om^ 
t i o n ar« f o m d to i m r ^ m ^ vdtli i ^ ^ e t t o Hie 
e e l vaJUioe* t^serMxig aftarliMBi n t at^cmt 100 oa ^ tli^ii agsttk 
m i l a g o f f an tliio t » t u x t h m aoorvaaoft. 
f l i i s l» a f^saturo of a l l the earms^ t^tihm^ %lem 
mgXtitisSfir of %h9 w ^ & l i o n < i f f o i » &tffmfm% 
th» 0imimml i m r ^ m of ttio imdoz a t AlMmt 
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too m &% f t r s i tlimi^li^ t o te t o n f i ^ e t t h t 
too m p ^ s a U m m Hio tmtiSl^^ W i r^I ta i^ a i ^ i i od t o 
j^lnt^B of SF I t tlHd tb® ^ ^i^mild 
m^nt m of t t io indoic a t t M s 
fm%mmy iratti&r t t o & f^^mX rim i i f to ttm ftmmms* mr&m 
emr^ m®n ir&oii ^ r i ^p l^ ^ tli® m mXte^ mm^ ^ f ^ T&Sxmmd 
tif aSSitiaoial filimf& i a t ^ pmmw mippls^^ 
ibl^aoxs^I t f i e t m s ^ of %tm m ^ M ^ $ M m ^ M me^ ^ m aair 
Girnx^m Amttmt fmt vMoli mm^ tlxat tm.& mamsO^ i m m 
mmmtlm v i t b isltm i r o l t a ^ f l a o t a a t t o s wm t imt 
tmemm mm tm^ to tt& & fimotioo tbo enm^r 
tli!> a n ^ o i i^ i i t i n t o ttio la^t i la t l t ig e o ^ M t t ^ f vltlimit eUam^JOB 
t l ^ Xf mmmS^ hss m y c m m ^ t m Kitb 
f ic^ t t tc^ lowy t t e mafi&tlQet of tlis^ laod&liB^tim 
t i n s mmM not a f f ^ ^ t ttms I t ema tm minl^f 
mmxm^ t h a t tho immsm o f t h e i3Gittt2atte ii^aox ttm th©lr 
t faoofot ie^ wXaos i a viyelult^ of lOO I s o a i m d m m 
mmimB^m Sn^n t i i t l i t t M of th^ m id t l i tli« 
Aaotlmr posei iao «aiiso i a yio faxati^ s o t t i n g of 
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Se^l^ ilie t^&ni^r ^ mdicilati«ni la&ten I t 
mm lliBt tl^ lao^l&^itm otfr^Ifl^ ^f t ha m ^olte^ mm 
mt im of f i m tism 
a f t a r »ee t i f l»s t t<m by tufee l^e i ^ i i l a t i i m m t e r 
m t M]3itii0liia« wMefo 138^  i ^ p a ^ i n I t m r m ^ i s m 
&IM tm^* tM.^ n t f ^ is&mm mm pmm^ 
mmd ^ ^ n ^ a ^ i r && tbe ^mmMm 
sOeo id t t i tve^wemw* ^ o u l d liieit 
i o a Saer^®^ of tii© ^ e w t a U m ^ tise 
m o ^ l ^ o a Jhrcd th& timwmtim^ mttw m fmim&m:^ 
i s ^ x ^ s a i ^ ta t t le r thaa t o a Bmiinam aH 100 
J ^ of giodylalioQ ^ aoatOi^iQZi of 
isatzle^ mkth ttse ^ 
m&%B on wiiiisli ^AU. be t&m Ul ili^ msf^ 
fli0 be^ajSiOii i M i ^ wm t o f M tiitt 
i w r i o i ^ ipiuri&lioai of mm m t ^ imdtr 
tli» a m s ^ t i m tlia;! t h e ST omiAnetivitir ^ plBMm i s 
eimtttast* th& i» 0$mn Iqri 
vvvV 
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ftl rm's t o th^ ivmmms* 
I t ia 'kmm tern iot^is^liefi^ evmm s^da la t icn d i ^ i l i ^ i x t s ^ t imt 
ircueiatioa ^ f tm^j tB^wm i n flia9« ndtli 
msoial^lim t ^ o f i e l d mt^ Im tmwmS^B o f 
mmrn l u m m ^ i a M i l # 3 ^ 9 0 1 1 ta^ilir m^ ufiliiE^cii 
i t&tmmtim ttm i^w I m l a a t i e eoliii^^xiB t n 
m, tit© i® i^msijSmtshl^ em^X 
t o t t o s t f i ^ X a t i ^ pos iod i t p s m m ^ m n w i l l i i l ^ 
iM s t e p with t ^ ol^eretfte l i o M inteiss i t^ t m o M s a t l ioir imitf„iaKKa 
St faalE of t ^ f l o M i i ^ ^ a o i t y ^ ^ i n g Qmm t o 
t i ^ i r f ^ s ^ t i i r o inlrtitpi a t tlio s i i i t ens f i o l d iiilesisitsr* Bsproaa** 
i a g %im ^ T^tmrn milium ftmmtm f a^ Io r 
m r t m os^snsioai&y ttio i n tbo «oiii!li«»tirit$'m &. metmH 
m^T o f l ^o t em ba m% 
V 
tiso rG3Lm of a ixf tJaa f^naftsei^iil f t ^ m m s 
^w^mmSi of t /m doriv^a t o i ^ tlis wioiinptioii 
t l iat t bo ecmfiuotivit? nemiim ooiiataiitf ^ p o i o e a t a ^ ieox^aso 
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#f emSmMvlW ^ ^ ^ gtroti h n 
~ V Ne V / 
M ^ ^ t i i n ^ JOI mstMWim of 
s f f t n i ^ m tmm i t a t ^ ig^^ l l fw m l m ^ 
i m l i^v^ iM^ im ^m fUM '^miMm o t t b t 
t i i r i t ^ irm i t s mm%& mam^ i t e pmmmm 
tmmmmt te I M tet la^it t i t&lim 
wMM^tm I t a t i ^ n t t i M i a i 
tmm^ms^m ftm i t s ii^i^iitf iin^^NIt l^exvumo i i l t l i tas^i^yttiig 
l ^ f ^ f d f y thm ^^ wMSLmm «ff#iil at Immmt 
ttmmm^i^ tim o f i f t ^ i i e i l T i t i r 
m tim li^li ntwmkgi^ to w&im%t m of paaw©-
"5 
%mm M^em V wm irnQStim^^ t>jr t^t^lw of mmmidm 
^ i m m m m f m d L M . m of to a r sa tte® of 
m® ikliMaa m ^ tliftso f o s n ^ f i nr© ts i^wm i n m i * 4*8 m ^ f t b M XXX* 
th@ wmmm^ tM Ib ia i^ iMUr a i soroasd «ii.%lt 
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Bsi^stenla^ f ^ F t ^ t m of lito BF f t a i i t s 
vaiuii f o r vt^Tlmm ^umrnBm H^ m t 
^ t m s tase TuyjLaiiojai of Ife© ZxMm a t 
too es i t f i ^ I m 
Tmsmm p % ^ fsa^aiiOffi of Hf CmnSm^rits 
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ioci^c'i j ias prooowKa nilsild iattmemlng %i%%h t t e ffi? ik&X^ mttrng^ -
a l mf pmmnm* f ^ v m t a i i m iho i ^ i i s e t M t ^ n i t b tito 
BF timM i s e m l l ^ m e m % f m n ttm 0mpim* 
•assi t i i i i ^ ean ^ i r o rim t o vmUms ma^Umm 
ubieli horn ti^ltis^iflsss m ^lie pxmmt 
mmm3m& immsm ot tim isiistfmsm i^ii^icm ijxsm 
tm wo&aMttm* 
1 ) Sitipii t ^ S m m m m lAtU Urn t ie l i i* 
pheam i ^ U i^r^r ^m&mtMty a i p®^ of msj^lL^ 
tmSm timM ms^ & mall&w ^ tsiii$Mm 
^ thm f I t o %hQ ptsmr ^ tbo i ^ e l i i» 
ffioi^cirtioiiBJt W tho e o s i t i e t ^ i t ^ liiJUt mwrmmpmiMm^ ^ l a r ^ r 
i^ak of fl&l^ t imt i f ^ ^ t u o t i ^ i t j r ^ 
e o i ^ m t , , of U d M i^i^ngfeii* tliifs t i H i Im %mB 
fisr t M ffllnimiBi m t m w ^ t a m § %tm pmmr Atm<an»4 
w i l l tm t l im t l » sbmtM obltain tt ttm emiSmti.^ 
viM^ m r 9 t i & m m ^ m O t m * fhm a s^ l i t ad* of t m 
wari^Um of w W l A ^ i ^ t 
plAsma lifts f i f t l d d ^ n d d s t eonaiteiivife^* f I10 m ^ d i t i ^ Hie 
mii&r&msm modals&iflai tndftss l^^ng j^roponioasa t ^ th^ m ^ t a d t 
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tlm ia&Qx imrmsm tmm ile if^m ^eismu^ ^ ^ ^ 
ttieovf* s u m tSim Hi© jSe^^fi^iiee ^ Bf eisnStietl-
idif m tlid ft^M stma^ 4&cmam0 niH} ^ tmrm^ 
tKlag isQ^lat iat i ^qmaei^t Ibo d&^ttm 
tsiJimwsm csodnlittimi SMm also deexeanes immBm>m 
t l j i s cm h& X i ^ M <m m du© to tim taossoae ef ^ 
^tfQimtm %im e l^tetrs^ l i e M tho 
tgjsa^Tatits^ 'vairia.tlait ^ ^ imrmMm irmmts^^m 
U.) f i t s imlPio lif ^ I m 
m^iskiAm f i ^ u e m d e s i d l l pljBmm 
MMs & Umat^ws&M&t^ txmSi f e a i t i n © i n a i^iiuaet o f 
i n %tm ^f the p l a a n * fMm i a mml^^im t o 1 a a l i W 
g 
090T0 ^ t e e t B t o ttm m t l m of t he 
load vpm tlio m i t ^ t t o tlio iKm^^iiioai' i t t t « r* 
ttotlon ii" Bf f i o l i i d t b tM pXamst mnmt tiu» 
fimt w^mM esmm a rodootton of t t e inmost m vmA 
Itr t l io Qo^dlattosi tmm im t o tlio tliat ths 
mi&aliBttm lemAm tlio o i f o t t i t W s ^ m m 
m t m » tlio oa^eei tor @a4 t^m^amB llio mxtiaaBi aziA tlxi 
139 
mixfimm t o g^im IIks i M n O a t i m i s ^ x . whesn ttss pZemm, i s 
dm t o i r a ^ i i ^ t a o i i t s eoaaixetivit;? tfoo m M n s ^ 
i d U f^ixs t i ^ ^ n tito p l m m i s fiie 
cit" l i d M ttiQ i^lassm i e d l f l i a i l t 
^ s t i K t O f asS i t i ^ t l M i r t b s lAth ^ 
^ f t ^ ^ a ^ t i a a fiiXky ^ m * m m m r ^ i t lias 
tmm amX^i^^lw ior tlii3 em^ e f Um i c m o ^ i l ^ f ^ ppow^ 
%%m tliat of of a f^^^gtai^iiig wmm imemimn 
f o r f f e t t t s t i d^^ m i l a r %imk t&o ooliielioii f r^^ei io^^* f ^ t i is 
t«o a e t aim&ip t l ^ ma^ln^tXtm 
i n a ^ of tl}0 eam@r« f M s i s Ixoii^i^r cuitqeiaticalijr 
t^m i a s U t ^ mm m% i n 
tim of tua pUmmu 
i i i > ftio d i s t d f t i m of i^i&ilatiim e m i o p e of t ^ 
^tit a i«o lie ^i t tui a esifisa In tls^ ^ t o f c i e t i ^ of t ^ Hf lioliS 
Mil the I f tiio pittaaa a s *ss«ei* to i&^a&tsd BF 
f i e l d dufiiig i t s r i m imB m , t t « t m t pamm^Hro tnaa t l i a t mmk « 
^ mo i ^ l i m f t o i d * t l ^ e ooo olirioimiiF i i m t i t ixi sa^imsstry of 
t]30 iaoiti2ati<m OKf^loj^s* 
i v ) iUiOtliir ^ s l l i i l s « f f « e t i eXthouip I sac a tmt<iap 
i n eimsiiig devlat i t»is t£t0 tIi«o?y m^r e^so ^ msntioiisd i n 
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pfssla©* s ioee tlio p l a a m ^ s ^ M t t o r f m m of lazHc 
e i m t i t of t l ^ t% a s a i s^ iKdtor 
ttitli & f isBls tmi^ oommted i s pAfaU^l i t » %n thm pmrnssm 
nf tim ^lam&rn l^n Isiiit eox^Mriirit^sr 
t M s H i l l ermt& tt& m&sOMim <»f t l io tmi^mmy of <»BeiIlii.«» 
tor* t bd ^^les^t faoisettmr* idXl t)0 ^ s ^ f m l j r 
mrnUt, mwom&r^ i s t M ^ ^ t n t eoa®* t r t a i tim te&^vh-
mm ^ l a r i ^ t t o te f^oQo^niisr of tlia Qae&ltii^ 
ths latter do^ not pm^ M pemr 
emt^d W ^ ^ piamaEu iDa %im mso o f 
ems^s^M t l is o r i ^ ^ o a i^^gptnejr* t t ^ ^ t s a s 
an i o ^ r t c ^ fae^«xr* 
Of p(»8isit9i.0 of 
o f eoci^ietivlty' , i s emil3m%lvi.tw l a o a i t ^ t o 
ineroaasS pouts' flOkscoptioii em ^mmMmoA to tijo mmt 
ia^oTt&xi^ f imtor i n ttmmAm ^ ^ mmmx<m tmtmm of ^ ^Ixm^ 
warn fsoOnlatiim ioaex io tlsm lov ft^^inmosr 
fli^ aaooaloos belianriour of loir fic^meaoir iso&ixXatioa 
indox nooem t o le «iBiiU«r t o UTRNMRN^ Sm io!io8|»lieilo EROM 
modulation oai^nsaeixts* The 0 r e t i ^ o i ^ t o f t l i i s m a ooao % 
o a 
StaOiOy and ^ t a i l e ^ voxo l a t e r r e p ^ ^ d b^ 
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^ tmmii ^ imadmrn im^tmttm toJcse pim» in %tm 
9 m s meSnem tmm too to i i ^ t s j ^ at a . • 0» f i i* 
of p^laM^g v iti^ vnlm 
i a tilio m^tm ^taSjBxm n i l i . ti& t a tM i u ^ o n s i t f 
o f HtG i n ^ w m t t m ^ s iMQ i t t a tiss i m e m e m 
thQ mSxkiMSjim y n^UH &Xm i m m m & m m l U M ^ i n 
an toftiaj^d M m A ^ l m t ^ m b m t 0 r m m ^ r t b a t i n t i m m 
m ^ e r m m ^ B , m a m & m ^ immstant &s,im i m M & t i e 
eaXMlt^ma v e m m i tcism ia^o ancoaml) U M t i i i ^ w i m of tlio 
e l a o t m mmrg^ & hom&t mlxto t&ss. i t l^sr^t 
litm 1)9 iopoxtei^ i»i2ir of ^l&e^ron m m t ^ 
^ t o mtmmet^m t i i ^ wmm a n i ^ p r ^ a l s l s f r m ^ 
%tm of to ^imH m&itssf of ^ m 
%Mm gltaft t i^m doos not m t i ^ * J^ l l . a t t f l t f u t ^ s t ^ %m 
tfmimmv eammXi l l iat idxm iad 
ixw^mmy til® ^ i m t m ^ i m ^iSBftls m d emicaiiil^s t l ia t tli» 
a a m a i ^ i s ^mnsod bf tfae e lu^e* c^ & Xmg fwmmm^ 
ffLgjOalf i n GOi^t ^ ^ eoDsSil^itm 1& nS^M^* fhiB vlXX 
e&vm ^ imtmm o f tiB tlm vam hy 
f b o r e l ^ ocu^ iss iiiez9ade4 of tli^ 
In tim tmqmmjf m^m timi f<30 t^i &bmt 1200 e»t %tm 
d&pmO&nm thQ m^imtlm ind^x m tsm laodalaUm l^r^foaii&ir 
cds^oteai t o tim iitmr&Hisaii$f m^t^d v&ei&Um^ fM& nail 
emxt frm 4*16 to 4»2U I t » i8 t tbon he t ha t i a 
ibiM tsmm^w t if^M o t ^ m ^osmeu^ty 
4&m m t m ^ e h a i ^ i n ^s tmer^tm^ 
pn^his ^ t l ^ pimm Olffdr^aeo Mmm t ^^p*-
fatisFQ tKt^  ^ l a l ^ U o n miQl^* I& mrmB 
l a a c ^ ' ^ l ^ ^ i t m F w ^ m ^oti) t l i s o m ^ a l m ^ 
mrtmB f i t ^Ktrais^lir mslJ-t tho es ton t of t l i l s TQ^m 
m i ^ s s f i w ©ai^slaBjat to ffes©® vaarlsticiim at® 
^n i tu a m eotiM Hsva i t o t e i n tlio 
tUm tit^mmy mi^m cm h^ dtsi^tad %im hi^h 
f m s m m y tt^gLm msA tl i is f a l l s tmjfm^ m^ittl atxOf 
aXthmf^ ttm tboordt leca mw f a H s o f f s t ^ a d i i ^ mro 
mc^i&Umt tiia eaep»fii»iital iseantxTdaosta iudleal^ a 
f^fidtttol mo&alMm axL ^actfanal^ ensoli m s ^ i»f lOl m 
tlis tmm^T ^mmQ&rn tU& isodiul^tim pars i i i t a a t mvjf 
ako^2;atloit flra^iaafscdaat of t i e ^ t o r of 5 Sea. 
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t i MXilBm%im ^rtoA wlidoh dsplalas tho mtnm 
^ t m x i ^ t m of tlt0 iisS^x. i n ^ m i d - ' i r ^ m m y t & ^ m 
i n m o i ^ ^ a m tbo e o m e t lis w i l l tm oM t^mmXs^  t o 
ito ijio^lau^ mt fm^min^^ m m 
3 Bjes* %% iiif itm rm^s^xitd n^a 
Hm pdstod teeoe^a osajPiejr t i ^ ttm mmm roUfss^tim 
%tm ii(miitl.csii m i m a ^ t mslM sail tt& 
Mmm ^mtlm i s e^ t up wuSar t M s vUX m 
a i a ^ i i r e ©si^  Siseiissiiig pms$MU,%i0& of 
^ f l b e t s mmxtiag iii^ t^Motxcm^mtie wmoB propa* 
ttmoiiiS^ ptmm»g , anoii foo^s ^ iss^eli^aiisa 
o f ^Idot foa w^^tlornm % easeQllaX Mfi^mam Imtmm 
%tm tm 9t{&fitn iM that tti© m^te^tiim to tliQ eheagss in ^Im 
olsotroB oofioentfat^oa i s a l i i ^ a r « f f o e t i a »o f a r I t 
on t l ^ f l o l d utr^angfeh of tii« dHatnrliliig siigoai dlDtetlSTt no t 
t o I t s laqmf^* c m o W ^ mmimt* t h a t ttm e f f a o t m a m 
? not l ^ m t i ^ t o &ast m^pTBeAsbiB 
I t iksri^a^ fiosol^lo tiiat Ht^ oaexgjir 3P9lfi«atioii M m 
m tlis> mm mimo&tm^ ttia mtmUn oo lHs io i i s t 
i n a n SF imtimm i m i a m U c loaa ptommei^ 
a r e a l ao S I q o q tlio ^oa^ f a c t o r f o r ins laat lo! 
oolUMcais i e i n m g n i t i ^ lii&fi t m t f o r #Ici6Uo e o l l l ^ 
tlsaa^ tfoesfiseA gli^n^i fieta t o d m l t y ii^axialioim 
ndXI isHre s nosiJidr iroiaxEtion t i m anil c ^ t i s s s e 
vs i r ia t ioss o f e l ee^ foa of^UiMon fitmm^f ^mmm 
f d 
mvy mse^ SodUa md Bm^m^* toro vSMh 
f a t e s * asteffl^i^nb^lO*^ 
^ / m t i m^ ^imsU^ ^ to r s t o o f 
i raHat icn ©ea to ^hier 10^ 
I t i s a l so SMtism^ttig t o iKite tfeat n i t b %lia of 
0 » umd i n t l ^ o a t e l a t i i m of llie eioi^Isi ion «<mffioliSit Id 
^ yrSMi a eoJllijiioa r a t o of %tm ordkir of t® e o u / s e o t Qy 
e m i m f f i o i « s U ^ ^ i ^ 80 t t i a t wBTt&UmB of 
colUolozi tsmvixsm:^ ^ofonitelsr o i^ la iA ttm mo^Oation oboow^* 
od a t t!3o Mgii fitoQuoiieloOy ^ l ^ o a ^ a t t^o ©aiao t i » i @3icltig i t 
4 i f f l onXt t o ^ f a J l of the w a O a M i m 
iaido3i SM %hd vM^fm^ma^ v&e^mkm 
In t t e of mm m& Allon*^ i ^ i t tl«i ^mam 
mm ot 10 t o §0 SoOt t l» stodiiJj&tiaii of ^ o t e n 
wm oboofvo^ i n tHoso ftoquonof roglotm* tlio flttota«u# 
t ion of ^ e lootron ^ o n ^ t F iadopenaontlf etieokod 
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w i e u x i a g tti& timtmttmB ^f Urn mmmmt it&^mefw ^ a 
sKMla m ^ be i n tl ie mtaxiMU.m of t i e 
ipsara sak^aal * 
flm p M i M m l t i ^ l A ^ r <if Ih® mAm 
attUao of modal&tdS fkmM m m psstmmst^ mM 
mmxatsmnt tM tlie ^i^imei:^ Qf %tm m a 
ttcai llio m M M U m f m m ^ s gtir^it i n W$0, 4«fO ^ 4«tf • 
f M s mUtoA wBm e m p t m c im^g t ^ t m ^ m ^ pv^mB I ^ J t to 
ataasara mm f lmtmUmQem^mi^mt of t lit iSmmttsr* 
f l ie^MSttl t tpUey i s es^ieet^d fee 
^ v o ^ m ^ t t ^ t m x^milta of t ion imxi^lssg 
tlia prnmrntrnm^' iKtoi t t o ^ in nii ttmm&Sm^^ t^uli l)^ 
s t i l l i n m Qiml i t a t i i ^ nay , t o t l ie 
f s s ^ o i m of ^ i^laasm. t o I toM* s ^ t i s ^ l 
mm meM to e o m i a t e t&o vnsrls&ioii # f i t e osia 
mntcsA mtjm^f aJLtliou^t a s 
f iS^ 4«9 iil)Oi«it t^lis l a t t e r imi^le® a l i m t p t t ^ ^ t l m m U s with 
ISelS slf^iiglli* fUt 4»I0 ^ 4«1f ii^ m 
m ^ t f a x l a fog^Qii wad %Mn ft alowor m t o of 
f k i l e s mi^Mtim inefioasaa* f i e gie&pim i^&m 
i t t ifeoif f ^ a t l i T d of tlio s l t s m M i s ^ nmapomwH 
II. 
J f. 
£ u 'J 
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of thft pbotaanl^iM^Xior <mnr@iit ond t ^ miormism mo^l^lm 
wltB tespeel^ t o I t o i r seapoeti 'ro a t fOO tt om hm 
mm laodsilatiim iaSex d&ei&iif^s ^ t b ttm s i ^ l a * 
ttcm twmuQm^ W ^ m i a i ^ m b l e tho p M o ^ u m s t dtsl** 
t o mm% 90 of i t s mt^Mml ''ist.tm* 
Xt iB t o n o ^ t^^Hmmtsf &f t&o 
l^fosent t a s n s w m i t a t o mm mmmmmmtB m Oi&Smt wm^&m 
mmm^^ m^ Js^oap m aSstei^© Dy fmak a l . ^ ^ 
B9csi9*s nsed m m ttemm (200 t o t o 
te ea rmi^* f l ^ oti^pit XJl#t in te tss l t^ imstlt i n 
tlie wm fomA t o bo oedizX&tSfd* j^raa^ o t aS 
tiiot tSm mt tm% so^toSatltm and t l ^ a ro 
i^ont 1§00 &t o^bxlat ioa iT&q,mmim9 
iM mot obso r ro^ 
ftttatt ii«e«ot*i&sBi8tfi tlio pares^tor© of tli9 
p3Aflmt prliBftfil^ tlie o loot i tm desAitir* oaxi o ^ a a ^ ^ i l o d i e a i l ^ 
orsQ a t fT9(mmi»» of t ^ o or^ii^ of 9 t o | 0 f t m tlio wa^m 
I j i t i o a of tho silOiTowavos oinorvod tn pmomo^ mm a-t t t ie rmfs 
M l ^ isodulBtlQii fmqmtkG^ m ^ m e m tm t h e i ^ t t o bo ^ t o 
va r i a t i t a i tlie o loo t roa ^ t i s l ^ ^ t t o s^sdil&tim of tixi 
liMiloetio oolXifiloii procossoo* 
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IN TLIO IMNGO OI M^OSTMUM TRNMRNIX^B WIMM TFM MIA^H 
tt^mmp^t tfxt mi^txtim oT tlio ma^iiU^ttm t h t 
Hm tmtsam&f $M ttm m^MJsm^^ mm 
t t m ^ * W&t i ^ ^ l f i ^ i i g fmt immiB0 $QQ em^ end 1 I68# 
til© d s i ^ ^ r t o n l ^ l f ^ i a l a eim mmx ^ iB3.l m a s l f a l ^ t i m ^ 
e»i i6s t o par csais m r o aijft calalj? ^mmum of ttm 
^ i e i m r t i m of t ^ mlero^mro mditXtstioit m m l o ^ ^ p m a t b ^ Mm t o 
tlio a f c t ^ I a U o i i mmi^^ tim miertor 
emM t&m miamd ^ ^ tmt t o a/oMsve 
l i i ^ sodiiSAtion maSK^ mpiXfimt tm^ t o 
ad i n tlift platQ t o g l o u Xn tbd mota|.@tl€«i l^^ot toe^ 
m&S i n tli9 mmmmmtJ^ of tiso pwepwUmoM^y tim 
miMxmmm mi miaJBtim tiio mmwlinmt 
of tiaa b? lioadiiitstlvit^ em Ixi mm to l^cre n^ mt^ 
«fllset« ^ r M & t i m Doing a Hixiotioii tlie 
e2e«tfoii Hnotc^lm a f i^ti,! mpm tlie 
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^anpior t a ^ u l a H m dopth bo t h a t tlio eostirlbttt i^n f r m t i i i s 
mill imrosm tb^ iaof t ias iag jti • ' o 
Ab th& Qodtilatlmi DroqtzQncy ineraases* tlx? nK^ ^ tits 
f l o t M msii fMm is vHM&nt 
frm r^Mtm tot t ^ mi^mmm moSuIatl^ inSes (2«7S>t 
eiiiedt i ^ t l t tho imreBmu in t ^ o o d ^ t i o i s ftmiem^t t ^ tmrn-* 
t i o » ( ( ^ v / ) l a ttie S m r m s m ^ e^rmapm^iisii^sr 
tins Sn^su 
XA tbe © j ^ r t o n t a a t 90 ji % 130 ja Hg, tlno f ? a a t i e a 
b e t m m u onS u f o r t^^Sule&Loii iir^ E t^idiiGsr ^^ 
Hsaor* Zt sbotiM bd tisat ttei fx^^pts^y 120 m falliB 
i n th© ^ f o axesssiir^ i s o ^ r r M * Tlixis ja 
«131 m I m ^ ^ t be edU^ l^F p x w ^ i ^ B ^ jUo , dao t o %im t m m B m 
of t t io emduet i i r l tF f ^ t x I t s e fu iHbxi im ire^tid, teoati^ts 
^ d«^nd8i8}e o f th0 ineresis^ of t)ie SF eonaiietiirltsr m t ! ^ 
e a r r i ^ tso^Sat ion taS^iCt i t i s onljr aeeessai^ t o i^ow t h a t tlie 
perodntai^ v m i a t i o n of tha mieTtmairo oo^tnlatiaa Indox i n tbo 
loir r e g l m Sm & tvmttm o f t he C&RH&R mo&ul&%±m 
d9pth« #»90 i^otrs tho rasuXte of t ho latamirsaoato of t i i s 
wSMrmmQ mtOnlBPLm in^ose imi a ftoaotion of th@ stodttlating 
onoy &t th roe oaf^ io r sa^dule^oa ilopths^ I t ooii mm. t h a t a s 
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Qodiu^tioii doptb of the easri&r iJB iuer^aeodt dov ia t ioa 
of c^mnm^ fmm %he eaqpeotod valtiaf a l i ^ i i tomai^d 
p n ^ r t i o s i a l l ^ * IhQ pamms^is^ of ^owieAtcm ^oletalatod v U h 
ms^t ^^wempQai^m the^ireUimi imlnae m^ t&tmi&t&d 
M o w t 
wm, m 
tim XfaemBm <»f tim w^i&ttm tnMx 0f tiie 
at W em f&e Caf^ox' WxtMtGa 
30 ^ % 
5 0 5 0 * 5 « 
t o 
f b s eX'^w&y e&taw® tliali ^ho i s 
a ftme^tifJii df tlie ^ a r f i o r c^iiXe^ioo ^oplli* ftmrn 6 f foe l i i r« 
Qodalatim dopth mm by plftama laor® tlie 
i n the and used i a t t e p l o t t i n g of s^a^m* t h i s 
«ai38«» tlio fto teeosie noik^lifidar a t Xov isodnXaiiag 
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I n t h e «a^©riia5iit6 p3rfmm& 26S ^ Hg* Uio 
laus^ tbEMi^ lxfe %o li@ dtHi^ Etty m m at 120 tlio 
%ioii « a a l tt 18 fotmd t o to Xlmsr , Tills i s poss iMe 
th0 f e e t ^hat tlio miif^tim&r increase ttie BT mis&mtti^ 
^ e m m & B a s pmrnsm^ t M Xmtmao of 
e m & m ^ v t t ^ iB a f n a o t i o s ^ Wm ^ leo t ron 
teiapii^tiir© fitieltmtiloiKi^ i^ iof t d ^ x ^ e a m mttSi imte&eism 
pge&mm (mo f a b l o Mh 
tim Umme ^ d p e s t e e e o f tbo tsli^totfov^ laoi i iMtiai i a d t x 
<m tha m t x i m imm i n Iho 
ei|>efici8ii&8 &3imm T^m of tranfod vaiiro im^ 
o b m m ^ %o bo l o the m o M a ^ i m ttio aisti^arbifiig 
5 . OF t i ^ HICRO^AVB nOSTO^Qg m m x QB 13IE 
f i o I 4 s^rettglh oansliing tho p l a s a a ima » g r m t ixtfXsm»9 
en Q o ^ l a t i o n of thB mleromve signal® pm&lag tbjpou^ ttm 
phimm Apaxt front foot t l iat t he f i e l d m t m n ^ h oecmr 
o s ^ U o l t l ; l a t}^ roXatloe f o r tba zao^lat ion InAoxt 
tbe pmr&mtomi Wso ^bo olootr^m o leo t ros t e n ^ r a t u r o t 
eoUl&ia» tm^iumos aifio ore t a m t i o m of €aeoltl% f i « l d . 
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flio rmtd of vaifiatiott ef the «oXll&imi f x e ^ ^ m y tbe 
elootToa imcpB coimtaat at alX tiMM BttcnQthQ^ trhlle 
till© raijG of i roriat ioa of tho a i e e t r o a density with t l ^ t>leci%rm 
tesai^eyatufo tmmm&B ndth tba stfejastls* Sine© i t i s 
^da^rol tins io^iridiiaX permmt&ro^ & oimpl® 
tlmtim of tn© of ttio edcrmmQ m^^Mtim in&QK m 
tli3 f i e l d s t r o a ^ h $.& mt 
ffe© fBblm m i md IX mramrlso tho rooa l to of the 
calmilatlcnQ perfofiasd mixig (S.TS) to coi^sjk ) ti:^ of 
tfe© so&ilatjloji laa©x on tlio f io l f i s t rength a sp ro^c tod by t l » 
tho«ry BBS a s obseiwod osporiiirai&aUy* Ti*® tern wtO.^ 
Ne. 
takos lot© Qocou i t t t e va r ia t ioa of tho ^ t t t r s m aeoai t^ with 
t(3!Qporatur@» and TOpf^eonts ttia coat r i tmt loa o i the 
fi^botuatima t o tho isoduXation of tlio sigiial.» 
^eoreasos a s tfeo f l e i a s t i ^ o ^ h iaoroaocs, m d so do©© th© t o r n 
^ t o tho imrQm&B of tlw «oXXi8lozi f*agp®ras3r witli t l ^ 
f i e l d stroa^fe* the infXuonoe of tlie to«a vb^^e i j0ca»0 laore 
ond mofo pfQdoQinsuxt iiltli ineroaaing f i e l d dtx^zig^h, Tlt^ t l iooro-
t i o a l aoid «sj>erixs»9{ital imliios of tlio Qioro»a;ire Qodnlaillon ind ices 
botln m iitopot^o v i t b t^^ f i e l d s t r o n ^ h * a l t h o « ^ tbo oosip* 
ut@d valuee iooreasc a t a elonor r&to tbon tlio oliisor^rod va lues . 
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S i o i l i a r cooputatloms m m f o r & preftBUfcj of ja % 
aiid tS&mo imi glvsn i n t&hlm Hm^ a ^ a i c , t t i^ e f f e c t of tli® 
eljictfoit imrtaU^mn a Sderease la^itli i ne f^as lng 
ira2.a@o &m mw f imoimced lidi'o* 
f h a imxiatioii of tli0 Qodul&tioct ioSax i f t t l i t i e M 
i s eaosd^ ipafiotioxt oi tli0 fi>ll«Krin^ l&feis 
to ttm premi^ tboms^i 
I 
H CxT ^ V »Je LO^vV V ui^ +vV r 
tboory of S a r ^ ^ and Elaiaal^ ^ i r a s ^Iss fo l lo ida i i tonss viiieb 
i n t o aecmiat tlio pareseteor^ ttpm the fioXd 
e t r s s s t ^ 
f o tlia fiel4 dopondenoo o f ttio modlttlatim iodoas a s 
a iotod l»y tbo tvo a a a i ^ S f tbo ptoper ^T&m%&JtB m m eabsti** 
tu tod i n t o tboso rolatioQSy imd tlio m l a o a ooiiaal&cod t o t h ^ 
isagnltudos a t S « 20 7/em wee p lo t t ed i n Also s^rnm 
i n t i e f lgufo (mrvQ So«i} i n the irarlatloxi of tlio taodtilatim 
indosi t(K> OS obtainsd oi^riQiftXitalXy^ I t em, bo »mn t h a t 
V^rtatzon o/ the, MoclaLation Indeoc 
at 500 CS cutlk reshect ^^o Us 
value cLt t ^ ZOOV 
X UJ o z 
2 o 
CuHVE F*>PtRIMtNTAlL\ OBSEPVF D 
Q (. Ut '^TtD USING P R f S f N T THfORV 
C A.!. C UL A f f 0 USING TWtORV OF SARKAR' 
PRESSURE 165 AINO ^ARRitk MOouLAnow DH'TU , 
3 50^ / 
/ 
/ 
Fig-. 5 2 RF voltage 250 EKCITIN6 THE plasma. 
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the pf^satit thdorsr e i ^ l a i n ohmrvmd mo&al&tXm o f f o o t s 
mSL i t s ^ m & o m Q m tiB f i e M st^rong&l) i n a mtSi M t e r 
thm tiis ol^of moX^&iB «ai!i« 
ttm flM ntmwi^ e a e i t l a g thQ plAnm tmtmmQf tli^ 
&l9&tri»i dSdr^loG sdt^ o iaertsa&o* l£^2astio eoIUsi<8i processes 
mtll msm ond mam In XI bsem 
dlaieu&sed %hB H s i t a t l i m a a l i ^ l o emr^ ^aiBiKs® 
I d t o oal,^ eXastle colii@ioii@# ^ 
eiToro i n mim^ it*® r o i m t t m inoaroas© m %ho f l ^ H ©troagtjii 
immemB* Tlais jim I® cctuoiiis tm A v i a t i o n tot^^ to 
observed and tbo oa leula teS m^XwAtm tmSima m the f i e l d 
BtwengkU ioeroaaea* 
I t tsm boon t i ta t s e l f l&taraetl<m efitocts laair 
ctatise tl)o mor i^odulaUoii of t he BF H e l d tn tbo erne o f frsQtz^o** 
d o s 1&8S tbmi the eoXlialon froqpoQes^* f lms tho c^odtaXatiaa 
iQdoji as 8o«Q bg tt3B plasma nilX incroaso es tbe f i o M s t rangtb 
I n e r o a ^ s . memnr^P s i n c e t l » paraaetor Qy tn t rme&s vi t l i 
ioexoasing f i e l d s t rength* tbo phase d i f f s rooeo botvoan t t e oodn-r 
l a t i o a eisreiopo and tha e l ee t ron t^apsrotarsB varlat ionG a t any 
aodtiXation fTequomjr ^cnald dsoreoso and the xKm-^Hmar i&tor^ 
not ion tho SF f i o l d and piasoa eoasiiig the an»mXoiis 
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iiieroQSo of tho ptmor absorpt ion aliouM tjeoome laore msd more 
ttffeotiird a s %ho ll ,eld s t r o n ^ h imreomn^ ttem ef f i to t ivo 
voXm of tbe BF f i e l d stroc^jitb as sooa the plaoaa t e m r o 
than til© valttQ i a the cos^a ta t i^ !^ f o r tfas Cursfa Bo. 2 l a 
H ^ * fito ^ifferoBoo tiio a l so iiaoiK^ajsos i i i th tiio 
fi@M s t rength so t h a t t l io davi&tioa tho oiso p f o ^ 
To show tiiat ttio tadlatioa of tfeio ol»6ewo<l m ^ l & t t m 
f r o o i t s oaioujBtod v^cmss i s a i^mttm of the f l o M stron^^h 
©aseitiiK^ tbo pljmm^ tho imi!l0tioii ^ %h6 m^u lMt lm in^doK td th 
tlio iaodiii2atioii froqaeao^t i n ^ ^ a t i ^ t o ^ a t tl»n&o f l o H a tFon^ha* 
euf^ i n I t easi Ise mm ^ a t m %tm f i o M 
strengtli if»i>0a60St tho <Ioviatl(»£S iJieroGm) oonrespon^a^jr* 
^Qgci^Ms Alts siKsoBsgioas H)a Bif USE mm. 
& thtovetleei. propag^tiosi of oi#otros»» 
010 t i e viema t h i ^ g h a pXacsta i d t h poiio^liooSlly v t ^ i o g e loe t ron 
^oaa i ty t eoHi i^on froq^ueiie^ ana oiootrim has bocoi 
iaftd«« I t l i ^ heeii tmoA t h a t tho propa^ptiug oigia&ls ^ i t 
tado s»>dii3&ted a f t o r pa&sljig sneh a mMAm* t l w 
tilde i30dalati<«i indttx has bom otraliaatod i n t e r m of the var ious 
i 5 3 
pammtoTQ of t be p l a s m m v e i l €U3 those of tli« ea t t i t ing 
aispXitUiSo Qodulntod ftoM* 
fixs ttaooratleal aoaX^iii has Isq^ suppIeoonleS by datolXed 
e ^ e r i m t i t ^ l u f s s t i ^ t i c r ^ of tiso of I fa© oiorotfavo 
laodula^oii lii^s om t^ faraisaliors meotimcrd e^tm* fim laapii^ 
tttdo of wlcro&mB ciodulaticKi o o o f f l o i m t vaa oaloulatod f a r 
v&ztona piecsiiroo mill m fioXds* to faol l i t&t© tbs ealeolck-
t i o i ^ t do tona iaa l lc^ of th& m t u l 
tei^e of ttia imdous fars t se tors m r o porfoxisad* f ls i oolonlated 
0!OiidL£^oii i n i i e e s m m t&m& to t ^ of Iho same ofSor of 
of t l u oaspoflaeiiifeal halites* 
Qb s tc^ i f l i^ tiio t ra r la t ioa of %bQ la ic fo^^o laodolatioii 
iM&z «itl3 libo m^nl&tim. i t bos booa found t h a t Hts 
thoorsp mdL tho expeticimt agroo o l sos i ^ f f o o t l ^ l a ^ q u e n o ^ 
r o ^ o s raagtog from about 500 e s t o aboat iZOO 03« f hi@ i ^ g l o s 
haoQ toriasd the Qld«»fre<|it@iieir mglm* BoXow al^out 
the Qi^oriciootall^ £ieaistti»d aodulat ion i n ^ e e s a r e hi^hor thou 
the thoorotioaXXy o i ^ o t o d onoe and shov a isaxieiai a t ahoat 
100 00* t h l a aaoiaalouo inoTooso of t he modaiatioa l&dost heXoir 
500 OS oaa ho safoXjr o t t f l b n t o d t o tho dependomo of the RF 
oooduotlvlty on tim ojooitlng fieXd« ifhieh toeaXts i n inesvasod 
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T^cmr by tlm plmma* Smrnvm^ ths tmxXmm famM 
t ^ m not Xn tim hi0 fmm^y r a g l o n 
m m t 1 E«at thQ m m m ^ C^UIQIIIQXL ^ b l s i ^ r t h m 
mlmSf and r s s i d c s l stoSisl&tic^ porsdiats w e a 
ftt t t & i n m o t m of tliii oraer of 5 Ees* VaUaUoo of ^ e ^ o e i i f m 
doisBlti^ (tm to tbo isoaml&tioQ of t he i o o l s s t l e eoS.Hsioii 
processes t oeii tm t l s o a ^ t t o the roason lOr 
Til© tbe mcwmmQ tzsoSula* 
im&i&M mia t ^ o a r r i o r sio&tii&tiost i^pth iM tbD t t m ^ of 
f foqi imoios ^ r o ths s i c^ lo foiioS t o bo obeyed 
b m bomi ostablishod* ajro fouod a t lour frog^ttone^r 
regioas* thsoo a fo t b o t ^ t to t& oaused bf tbo f i o l d dopei^o&ce 
of iS^o eoisiuotivlt^r*' 
depondotioe of tbo mo^lAUon indoac on tlio osoltiiog 
£lo24 fttroagtli wm ot»diod by ca l eu l a t l og tbo oodB Nation indox 
a t 900 e« a t variono f i e l d streiigtti&« cum^^tioQ tbom wltli tli» 
oarpOflsiQii^ai voXmsp I t foimd tisat both e&um iaoroase i f l tb 
laere&fiifig f i e l d s o l thou^i tho ei^oriiaBntal vadLixes ioereeAe a t 
a f a « t o r r a t e t l im t )^ theorotiocOi m l t t ^ dOt wta i tbo t ^ X d 
Btroxk^li i a Inoreaised* Xt bas hmn ostobltaliod t b a t Ibe prases^ 
stisljr oan e i^ la i i i t he f i o M depondaaoe of tbo modulation indes: 
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mr^ effeotlipol,^ thm otiier Qindllar analyse* 
Al thou^ tbd siti^lQ tiioOTjr has fGm& t o e ^ ^ l u l s omv 
of tita isodiilatiim effsot© ts^hmrmd vliea loXermm^B i ropagata 
plmm^ i t iB po&aibio isoSiff %% bf 
t a ^ o g in^^ acoimut inoXaeUfi ooiUsioisa vtx^sh 
dondaaat m&v^ Xoso pzt^cesoos i n a rsMliof^qa^neir ^ e S t a r g e t 
^Idetron mmt0BB ar© irory ( t o eaa a l s o m ^ m ^ 
a s t a t l s t l o a l treatiaantof tilio ^fotoelia of of 
ttm ^ m t t m ir@l,oeit; f i s i a u 
f b s 66lf«4atoraoti<m of ei j^l i tno^ smdulalod BF f i e l d 
ecai rosuXt i a a obongs c^ izttrodnce 
frs^^uouo? !^»lt22atic9fii« casS prodNxo© teroonlG ^ l o r t i o n of 
modula^iOQ ^iTdXope* those pfoc&seoo sbmtid Ijd tlieorotiealXj^ and 
Heaaui^^nt of %hQ pliaso ood af^tonuatioii of a 
mi/oromm^ eiisnoXt vimn proporXy pliBSod and i r l tb 
f ^ s p ^ t t o ai3plliiid« mo^ la tod msaitios f l o l d can srloXd 
emi8ldorab3« i a f o m t i o a oa the irariat iot t of th& o leetroi i ^ a a l t j r 
aod oo3.3ULaioii tmq^mm^ vUh Tfas ptsaea i l l a t i o n of 
iriueiatiom i d l h respdoi to thQ modulatioa esiTolope ^ m im m&m 
t o yiold tlio o l a s t i o mA i a s l a s t i o coiaislOR ratda« A delagrod 
202 
mlcrmif&m acaimiiio; oetbod Sm vtaS&r ^melopmmt t o i n ^ e t i g a t e 
t h i s , fhe pimm m&Siul&itm s u f f e t ^ a h^ the pmp&^ti]^ ei^ml 
tbrm^ p0ti.od±o vnjtiettlm o f tho e leelros i taiiitjr a l s o 
siscias tm iinrd&tlg^^od. 
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A B S I f fiACf 
Tim thos ie idtto the t l ^ r e t i e a l e&d ej^erltaaataX 
<m tbe t^ WL&^rms^^tiQ vieesr^B ttaam^ a 
Indium* • Tlio m r k deaeHlidd i n t h e t h e s i s 
hB£i tmm m n r i e S oist h^ the mt l t c r i n the Bapartmi^ o f Physiesy 
Aii£>arSj i l a s l i a i s a iwrs i t y taider t i» ixuidaae^ of Dr. Sarkar. 
f i r s t c l ^ t o r eassisaxlses tlnd s t a t u s of t h e 
p m h l m of t t o pTopa^tXim of ^^eotrceagost ie vtmom throi^l i 
pe f iod ie osd ia . &fter a b r i e f dosc f tp t i on of tiia p l a s m s t a t e 
of isattcr mi3. tta vmAouo patmastere o f tho plBsm am oneounters 
i n tho 8tuc^ of © i ^ o t f o m g ^ t i e propagatimit ttid nozt-liaear 
processes ^ H o t occur 1& a p l a s m rm&er ttm a c t i o s of str^mg 
eiootnsaaipiatio oro descr ibed. Ttie varimis t beo re t i co l and 
s tud ios m the of e l e c t 
throned ccii^ laediot rosaXtia^ i n va r ious m ^ l B t i o n e f f e c t s are 
mvXmftA^ ThQ e i ^ t Q T coiioliides y i t b a b x i ^ de sc r ip t i oa of t b e 
presoat ^ z t e , 
TtsQ second c b ^ t e r p r o ^ a t s t b ^ s r e t i c a l s t u d i o s m the 
propa02tioa of eXoctrosagi^t ic v m m t h r o u ^ a per iodic inedius, 
Aq i ^ m l ^ s of a purely q u ^ i t a t i i r a oaturo has boon doaot by 
c^maideziag t l ^ t ^ e pr t^^ ig^tmi & lasdiisi nAth p e r l o d t -
eaSLif ^mpMB ^^otile moA em^aotLvU^* Za 
sm&ttmr sd^imp i^^rmBim to the ^ U t s d U i sio&Xation 
t m m <st a olei^s^^Q^ t b r m ^ a pXasaa u l t l i 
^sas t^y fro^mfm rnmlrnm 
t ^ im ot tte iraflcms p^ima p&rmstmTB vM^h am eeee-i* 
ti» mmmx^ m&mwemmt&m 
f i B ^ilorft e M p t e r teXe ^ esK^efiisiiital a ^ p a m t i ^ 
seed m Cite ^ s a e f i o i ^ d prc^l^^t ics i ft i^ljtsaa 
f l i t i s a l m m a t s ^ ^ ^ o s d atid I m l l t i n ^tm I j ^ i o t & t f ^ 
dese i ibwi l a i ne tode tb^ tBaHofirtaQaiKi^ osei> 
U a t o r t i ^ l l t Q d Q xac^latisf^ a i s ^ m r g d t o t e m a racvam 
s j r s t e s , t i ^ i«igi0BBjir prol^e a o l i i^ l i imt iag vaaXto^ e a r x l e r QO^IA* 
t i o n iiiet97ff Old ^ E la lemesm con^mmatB* 
t i le foor l t i Gtopt©^ muanauriaGS t h s r i t sa l t f i of t i je 
mmtaX s tudy on t h e p r o i i a ^ t i i m ^ siiex^wayQ a l g s a l s t trough a 
plasea n i t is t lAo- i i fa r^ t^ pmfmstmee* f b s mq^Mwtme^ imre 
p e r f o n ^ wmtlfs tlbo w o ^ m a p t i M ^ t t c m of t b s ifci^mry* t b s 
s a a u l t s of the d e t a i l e d of t l » of tli« 
^Uiaia paxsaotdrs t h € eassit ing f l e M s t r c s g ^ a i ^ ^ l e o t i o s 
» tiliiiiii m& f o r the detarmlnatiwi of i^ortaln 
tf^itcal e o e ^ l ^ ^ s ussS tim t l^ox^tioa}. ooEipitatioiis a r e 
pjressfs^S m a f^rBt ^art* tim aetm^ ds^Ufneats m tim 
i^ep&mSm&Q of t bo cuofo^anre i^^dala^im index m ^ r e a t m s 
ipmmmt^em d b a i ^ e f i s i n g a p l a ^ ^ ip^odt^eS a a a o ^ l i t a t o 
Bsi&ilatod f l e M y ^ i i ^ r z o m l t a a r e ^ s s ^ a M 
i s 
l a tbo f i M a&A tl ie l a s t tlio tQmXtQ of Hio 
st^^iise dleieaseod oa ^ e IXMiis of tlio 
f modttljatloii Inilioes ooi^ar« 
mil uitis didt^Miiail valiwfi, ftm 
of ^ ^^da la t lon isiese l a ^ l a t i o o iitvm^i^W^ a s pred ic ted 
Isr ^Ho tt^Oi^ b@€si m^mrimut^l^ in tim frmixMm 
f^g ton i t m mm% 500 m t o 1 .2 Ees* tim aaoaaloitfi 
derriatiaft of t i ie Miamnsvo t i o ^ l a t i a i iadiex twm i t s tlioo^«lie&l. 
value a t Xov froi|iii»ti£Le& c!^  modulation has bma attfllm&od t o tlio 
lioM-d^poiidoiiee of the i f eosdisetiiritjr« At l i i # lt«<it»iKriea e t 
iiiodalati<m« alaetrosi dmsii t^ w i a t i a Q a m i ^ t s t i l l ^ a r a i a t 
oaofliiig s^dnlatiixi* fiio pradiotad d^aadaaoa of 
tli9 pzoporti^Balitsr Ibatvacss t ha sioroniiva aad e a r r i e r l a o d a l a t i ^ 
dapths haa astay^liatiad. Tha a i ^a r i iBn i t a l l ; o h s a n ^ v a r i a -
A 
^m d f ^ s n ^ a l a t l m iziAos t t ^ e s s i t i n g H a l S ^ T s o g l b 
hm horn fmaii td agree s^^rolljr vi^ tim Gooputed re^vms^ ttm 
4miM%t<miB tm^mm tbe tim i ^ t b y i * v ^ i ^ a g ^ t 
^mslhlw to t o tliD ^e^j^mm ^ tba ^Iftsaa ^oaSm^ 
t i i n t F ^ tliQ BF f l ^ M mttmi^hrn tim mi^rSMmcA^ mnultM timm 
horn fsGw^ism^ irltii t b s o f e t i ^ n t s d i e s t^a^ i ^ tp ran l t o 
t h e ti te mmlxnam with msm 
m^mttmm t o r lUtur^ woik m ^m mm^limBst d f^ao t s ottsenred 
l i t ^ i n t o m o t l i m of sti^oskg BF v i ^ t l » p lesna . 
